Avro CF-105 Arrow 
Canada's newest 
supersonic interceptor 


In the Arrow's twin 


IROQUOIS turbojets... 


CUTS WEIGHT 57% 


| in compressor blade 


assemblies 


Twin Orenda-built Iroquois jet engines will speed the Avro Arrow 
through space at 20 miles per minute. In these advanced design 
turbojets, as in the aircraft structure itself, every pound of weight- 
saving becomes a vital consideration. 


To Orenda designers, titanium’s high strength-to-weight ratio 
proved a double bonanza. By using titanium in place of stainless 
steel for compressor blading, much lighter titanium disks could also 
be used. Result: A total weight saving in the assembly of 57% (see 
diagram). In addition, lighter structural members could be used, 
contributing further weight savings and improving performance. 


Mallory-Sharon, in cooperation with Atlas Titanium, Ltd., pro- 
duced many of the titanium alloys which help make possible the 
Iroquois’ superior performance. These same technical and produc- 
tion facilities are available to you now . . . to assist you in using 
titanium’s outstanding physical and mechanical properties to maxi- 
mum advantage. Write us for information or technical assistance. 


MALLORY Ms SHARON 


MALLORY-SHARON METALS CORPORATION +: NILES, OHIO 


troquois turbojet engine 
producing over 
20,000 Ibs. (dry) thrust. 


Integrated producer of Titanium ¢ Zirconium ¢ Special Metals 
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Cover: The Christmas effect of the cover is provided by a micro- 
graph of molybdenum crystals under polarized light at 500 x. 
Shown at the 1957 A.S.M. Metallographic Exhibit; Charles 
Monroe, Detroit Testing Laboratory, Inc., metallographer. 
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Feature on High-Alloy Castings 
‘ High-Alloy Castings ... Specifications and Properties, by Ernest A. Schoefer............... .. 


Castings made from corrosion and heat resistant alloys are used under conditions where 
other materials would be destroyed by the action of the environment. Frequently re- 
ferred to as stainless steel castings, the multiplicity of grades available is the result of 
che need to tailor-make alloys for the severe service applications in which the castings 


are employed. (Q-general, R-general; $22, SS, SGA-g, SGA-h, 5-60)* 


Selection of Alloys for Heat Resistant Service, by R. A. 98 
Emphasis should be on minimum cost per operating hour, not on first cost alone. Proper 
choice of an alloy to do a given job depends upon several considerations. Among these 
are hot strength, resistance to hot gases, hot and cold ductility, resistance to carburiza- 
tion and thermal fatigue. (Q-general, 17-57; SGA-h, SS, 5-60) 


Selection of Alloys for Corrosion Resistant Service, by W. T. Bryan 
The corrosive environment should be studied for oxidizing or reducing characteristics, 
temperature or influence of contaminants. Other factors include mechanical properties 
and metallurgical structure. (Q-general, R-general, 17-57; SGA-g, SS, Ni, 5-60) 


Data Sheet 
Corrosion and Heat Resistant High-Alloy Castings ......... 96-B 


Standard designations, chemical composition ranges, mechanical properties, corrosion 
resistance, typical uses and other information which will help in selection of the right 
cast alloy for high-temperature parts. 


Engineering Artic 
What Carbon and Alloys Do for Iron Powder, by S. R. Crooks ........... 68 
New uses for powder metallurgy parts in structural applications subjected to high load- 
ings promise to be opened up by iron powder containing alloy and carbon additions. 


Powders are soft and easy to briquet; parts develop high strength with short sintering 
time and simple heat treatment. (H12n, H-general; Fe-a, ST) 


No Waiting in This Heat Treat Line, by Leo N. Everitt and Clarke C. Sykes.................. 74 


In Metal Progress for June 1958, Timken’s plant at Bucyrus, Ohio, for automatic pro- 
| duction of 27,000,000 roller bearings a year was described. Recently, the company 
unveiled its Columbus, Ohio, plant for railroad roller bearings. Here, as at Bucyrus, 
much of the success of automatic production is credited to a completely mechanized 


operation for carburizing and hardening. (]28g, W27g, 18-74, T7d; ST) 
Ultra-Pure Metals Produced in Electron Beam Furnace, by T. C. DuMond.................. 84 


Electron melting method, combined with efficient vacuum system and cold crucible 
casting, reduces impurities to extremely low levels. (D5k, 1-52, 1-73) 


Table of Contents Continued on Page 3 
Volume Index on Page 203 


*The coding symbols refer to the ASM-SLA Metallurgical Literature Classification, 
International (Second) Edition, 1958 
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Thermalloy clevis design 


simplifies the 
heat treatment of 
large forgings 


A manufacturer of large forgings uses the Therm- 
alloy* clevis to heat-treat forgings weighing 30,000 
to 74,000 pounds. The heat-treatment cycles range 
up to 300 hours with a maximum temperature 
of 1850°F. 


Engineers from Electro-Alloys and the manufac- 
turer working together developed the clevis for this 
heat-treating operation. The original lifting rig 
weighed four times as much as the Thermalloy clevis 
that replaces it. This reduces the total weight the 
crane must support in the furnace. The Thermalloy 
clevis simplifies lifting the forging by eliminating 
the wedging adjustment. Further, it eases the prob- 
lem of positioning the forging in the furnace. 

For advanced heat-resistant alloy-casting design 
service, contact your local Electro-Alloys represent- 
ative or write: Electro-Alloys Division, American 


Brake Shoe Company, 90312, Taylor St., Elyria, Ohio. 
*Reg. U.S. Pat. Off. 


THERMALLOY 
CLEVIS 


ELECTRO-ALLOYS DIVISION © Elyria, Ohio 
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Metal Progress Contents Continued 


High-Temperature Metallurgy Today, by L. P. Jahnke and R. G. Frank .................... 86 


Last month the authors discussed the mechanisms for strengthening alloys which have 
resulted in improved elevated-temperature materials. This installment carries these 
considerations into work on developing improved superalloys and refractory metal com- 
positions. Properties of some of our best superalloys are given and future performance 
predicted. (Q-general, 2-62; SGA-h) 
A New Direct Reduction Method, by M. J. Udy and M. C. Udy ....................... 7 


Partial reduction of ore by soft coal in a rotating kiln, followed by — in an elec- 
tric furnace, produces iron for further refining. Carbon can be controlled in a 0.2 to 
3.5% range, and no special ore preparation is needed. (D8j) 


Resistance Welded Tube Joints in Heat Exchangers, by J. J. Mueller.................... 106 


Resistance welded tube joints, metallurgically sound, uniform, and capable of ee 
severe thermal shock cycling, have been saaleued in Inconel, stainless steel, and severa 
® other nickel-base alloys. (K3; SS, Ni-b, 4-60) 
How to Avoid Hydrogen Pickup in Descaling Titanium Alloys, by Q. D. Wheatley... .. .. 112 


Immersion time in the titania-modified hydride bath should be as short as possible. 
. Optimum conditions for descaling the hydrogen-sensitive 5 Al-2.5 Sn titanium alloy 
are obtained with a molten caustic bath containing 0.4 to 0.6% NaH, 0.35% TiO,, and 
10 to 20% Na.Co, for 30 to 60 sec. at 610 to 645° F. (L 12n; Ti-b) 
An English Turbogenerator Explodes, by Tom Bishop 114 


The turbogenerator accident at Calder Hall prom preted station was not due to in- 
ternal defects in forged components (as have pe on American power stations) but to 
overspeeding caused by nonfunctioning safety valves. (A7p, W11k, W1Ip) 


Critical Points 

Homogeneous Steel .................00000. 63 Design Allowables in Weldments. 66 
Missile Testing .... . 65 Rolling Sheet in Kokomo 67 
Atomic Age 

Atomic Energy for Space Propulsion, by Arthur W. F. Green......................... 80 


Based on information in “Hearings Before Joint Committee on Atomic Energy, 85th 


Congress”, Jan. 22 to Feb. 6, 1958. 
Biographical Appreciation 


James Tucker MacKenzie . us . 82 
Book Review 
A Two-Volume Introduction to Physical and Process Metallurgy, 

Reviewed by John A. Shandley and Walter J. Kinderman....... . . 116 


“Basic Metallurgy”, edited by A. W. Grosvenor and written by a large number of au- 
thors, was designed as a textbook for a two-year adult education program sponsored 
by the Philadelphia Chapter @ at Temple University. How well it served its purpose 
is attested by its adoption for other educational programs. 


Digest of the Month 


Tempered Alloy Martensites, by Peter Payson .. 138 
Campbell Memorial Lecture at the @ Annual Meeting on Oct. 29, 1958. Red hardness 
p . in high speed toolsteels is a function of alloy carbide content which, in turn, depends on 
composition of the steel. 
Short Runs Correspondence 
4 Titanium Alloy for 1100°F................. 117 Minimizing Distortion, by F. P. Heard... .. .. 120 
Adam the First Ironworker (?) .............. 120 
Somet New ‘ 8 
Etchant for Cerium and Cerium Alloys, 
Metals Engi Dicest by Donald T. Klodt and Robert J. McManis. . 120 


Titanium in Cast Iron, by P. E. Hegmegee, Jr... 122 
Testing Adhesive Strength of 


Strain Aging of Steel Sheet ................ 120 Application and Equipment 

Metallurgy in the Space Age................ 173 97 

Nodular Iron Welding Rod Containing Cerium. . 182 “194 

Welds for Storage Tanks.................. 184 912 
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New manufacturer—Wanted to 
make household ammonia. 
Needed help to get started. Kerr 
conferred with Gar Ellis on 
laboratory test before suggesting 
equipment and recommending 

a supplier of an additive which 
was known to give the right 
degree of cloudiness. 


Paper mill—was considering 
ammonium bisulfite pulping. 
Allied worked out complete plans 
for NH; equipment required. 
Herb Kerr checked with 

“Westy” Westlake of 

engineering research before 
proceeding on trip to be on 
hand at startup —and for another 
three days—to make 

sure operations would 

continue smoothly. 


TECHNICAL SERVICE ON 


Sure, you want your ammonia pure, but let’s face 
it, ammonia specs are pretty much the same the 


industry over. Why, then, should you choose Allied 


over another supplier? Because you get—at no extra 
cost, and whenever you need it—the expert on-the- 


spot help of Allied technical service specialists. 
They know ammonia from your standpoint .. . 
how to store it, control it, use it . . . under all kinds 


Nitrogen Division 


Department AA 10-16-3 « 


Metallurgical company — Called in to help settle 
a debate between plant engineers and 

safety department about where to put a 

large NH, tank, Herb Kerr's experience helped 
influence final decision. Later Kerr put in a 
16-hour day helping to unload first tank car and 
get equipment running properly. 


Big chemical company—Problem: to recover 
NH, used as a solvent. Although customer 
preferred not to reveal full details of process, 
Kerr and George Cleek, Allied specialists, 
were able to devise for them an economical 
method for purification and recovery. 


Chemical speciality company—Smal!, new at 
using NH,. Bought some war surplus tanks, 
ran into problems, called Allied. “Zeke” 
Sziklas responded. Checked equipment they 
had, recommended additions, lined up 
contractor to install. 


AMMONIA—ALLIED STYLE 


of conditions. These technical service men and their 
sales colleagues in the field are backed up by an 
unusually large technical service laboratory that 
knows ammonia from every standpoint. 


This is total experience —and it’s all at your disposal. 
That’s why it pays to rely on Allied for your ammonia 
requirements. 


Allied Ammonia is available in 


BARGES TANK CARS CYLINDERS 


4O Rector Street, New York 6, New York 
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TUNGSTEN 
CARBIDE 


Now you can apply coatings 
of this extremely hard 
material with the required 
concentration of carbide, to 
any desired thickness, with a 
low-cost installation in your 
own plant, or have it done at 
reasonable cost in a metal- 
lizing job shop. 


Photo-micrograph of sprayed 
coating, showing high tungsten 
carbide (dark particles) con- 
centration. Mag. 50x — actual 
size of area shown, approx. 
x .040". (Photo courtesy 
Sam Tour & Co., Inc.) 


These coatings are non-porous, 
homogeneous, have very high 
tensile strength and provide 
excellent wear resistance 
under the most extreme service 
conditions. 


For full details—write, wire or 
phone for Bulletin 139. No obli- 
gation, of course. 


Metallizing Engineering Co., Inc. 

1183 Prospect Ave., Westbury, Long Island, 
New York EDgewood 4-1300 
in Great Britain: Metallizing Equipment Co., 
Ltd», Chobham near Woking, England 
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FROM A LITTLE VANADIUM... BIG RESULTS! How true. Just a “pinch” of vana- 
dium produces big results in low alloy steels, large forgings, deep drawing steels. In high-speed 
and other tool and die steels it is indispensable. Keep in mind vanadium is one of the most effective 
addition agents you can buy. No other single alloying element can do so many jobs so well. What's 
more, you'll find that vanadium is plentiful and economical. 


Vanadium also has wide uses in aluminum-base and titanium-base alloys, as well as glass, ceramics, 
inks, coloring agents, and in catalysts for synthetic textiles and petroleum refining. And now—High 
Purity Vanadium Metal is commercially available in many forms for research and the development 
of new products for the world of tomorrow. So you're missing an important bet if you don’t find 
out for yourself about Vancoram Vanadium Products. Your VCA representative is ready to help you. 
Call him or write for information. 


VANADIUM 


>: CORPORATION 
OF AMERICA 
420 Lexington Ave., New York 17, N.Y 


Chicago * Cleveland * Detroit © Pittsburgh 


Producers of alloys, metals and chemicals 
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As Wit BE UNDERSTOOD by those who read 

the “Critical Points” in this issue, the 
Editor-in-Chief has not been at his desk too 
much during the preceding month, spending 
two weeks in the West (El Paso, Tex., and 
Richland, Wash., with stopover in San Fran- 
cisco), 

El Paso, particularly, evoked some nostal- 
gia, for he was raised in Pueblo, Colo., the 
site of the most northerly Mexican settle- 
ment, and as a boy he traveled up and 
down the Front Range — in fact all over 
Colorado and New Mexico, either on horse- 
back or on railroad trains, much of it narrow 
gage. (His father owned a weekly news- 
paper, and the railroads paid for their ad- 
vertising in transportation!) As in Santa Fe and Albuquerque, only the 
plaza, the cathedral and small parts of the old town look at all familiar in 
El Paso. When you are whisked across semidesert at 70 miles per hour 
in a motor car, you can hardly imagine the toilsome journey across the 
well-named Dead Man’s March, when the Spaniards pushed north from 
El Paso. In comparison, an afternoon's flight putting you in San Fran- 
cisco is simply miraculous. 

Following this, with a week in between, came the National Metal 
Congress and Exposition in Cleveland which kept all of us busy for a full 
week and more ceanies the Seminar on Magnetic Properties of Metals 
was held on Saturday and Sunday preceding convention week. Another 
important event of the week was the Seminar on Residual Stresses, held 
Thursday, Friday and Saturday at Wade Park Manor, some miles from 
the Convention Headquarters. This was only the second such affair 
held under the program of “ASM of Tomorrow”, approved by the Board 
of Trustees three years ago. Consequently it was in the nature of an 
experimental effort. 

In place of being a series of papers by several authorities, the lectures, 
seven in all, were given by Prot. Richard Weck of Cambridge University, 
chairman of the Commission on Residual Stresses of the International 
Institute of Welding. In each session, he lectured for an hour; then 
after a coffee break the platform was occupied by two Americans, expert 
in some phase of the topic just discussed. Discussion from the floor then 
followed. The group was held together by serving luncheons and dinners 
in an adjoining parlor, so the intimate contact and resulting “bull- 
sessions”, so desirable to resolve individual problems, were secured from 
the start. The 60 registrants were alert from beginning to end — no 
tardiness or absences! 

Another “Art Critics Contest” was a popular feature of the ASM booth 
at the Metal Show. Ten Metal Progress covers (most of them to be used 
in some future issue) were hung on the backwall and visitors were invited 
to rate them in order of artistic appeal. A statistical evaluation of these 
ratings showed the general order of preference and also the person who 
came the closest to evaluating the covers in this order. He is R. A, 
Matasick, Titanium Div., Crucible Steel Co. of America, Midland, Pa.., 
who has been awarded a dispatch case, in recognition of his artistic 
ability. Incidentally, ASM’ers showed good taste in their top choice 
because the most popular cover (see cut) is also the one awarded first 
prize in the Annual Metal Progress Cover Competition for students at the 
Cleveland Institute of Art. This also indicates the cultural level of 
Metal Show visitors! This first-choice cover — in full color — will adorn 
the February 1959 issue of Metal Progress. 

As this goes to press we are busy with articles telling about develop- 
ments in metallurgy and metal processing in many foreign countries for 
our special January International Issue. We believe you'll find some good 
ideas in it and a lot of interesting reading. 

Merry Christmas and we'll see you in ‘59. 
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Sixty-three different com- 
positions enable you to 
determine and control 
working temperatures 
from 113° to 2000° F. 
TEMPILSTIK® marks on 
workpiece “say when” by 
melting at stated tempera- 
tures—plus or minus 1%. 


also available in 
pellet and liquid form 


Tempil “Basic 
FRE Guide to Ferrous 
Metallurgy"— 


016%"x 21" plastic-lominated 
wall chart in color. 


Send for sample pellets, stating 
temperatures of interest to you. 


CLAUD S. GORDON CO. 


Manufacturers» Engineers + Distributors 


613 West 30th St., Chicago 16, Ill. 


2021 Hamilton Ave., Cleveland 14, Ohio 


7 


FOR ALL 
HEAT-DEPENDENT 
OPERATIONS 
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: Who cares 
j what happens 
METALS? 


This trio of metals engineers, for example, 
at The Cleveland Pneumatic Tool Co., manufacturers 
‘he “of precision aircraft landing gear and 
a pioneering firm in a recent significant breakthrough 
on the problem of hydrogen embrittlement during 


© electroplating operations on ultra-high strength steel. 
Gi : Their responsibilities are determined by 
¥ the raw materials of manufacture —steel, aluminum, 


and other metals—and the effects of manufacturing 
operations on these materials. Control of product 
quality begins with the supplier and extends 
ze through machining, grinding, welding, heat 
- treating, plating, finishing and inspection. Moreover, 
, the problems can be extremely complex. In the 
electroplating phase alone, the technique of 
cadmium plating actually affects the physical 
properties of the steel itself. And because of 
this phenomenon, it was necessary to develop new and 
fully instrumented plating processes to meet the 
unique characteristics of the ultra-high strength 
steels from which landing gears are made. 


INVESTIGATING 
a de-carburization problem 
on a Tukon Hardness Tester. 
(Wilson Mechanical instrument 
Div., American Chain& Cable) 


CHECKING 
the thickness of cadmium 
plating on a structural compo- 
nent by means of a Dermitron 
Non-Destructive Coating Thick- 
ness Tester. (Unit Process 
Assemblies, Inc.) 


These men are experts—and yet they are students, 
or rather scholars. Daily they must seek new 
information to keep technically informed and 
effective. They are a part of a larger group of 
30,000 metals engineers across the nation whose job it 
is to care what happens to metals and whose periodic 
text of information is MeTaL Procress magazine. 
They learn from it...depend on it...contribute to it, 
because MeTaAL Procress meets their needs as the 
only publication, edited exclusively for them, 
concentrating solely on the engineering aspects of metals. 


Examination of tensile test samples 
taken directly from production forg- 
ings brings together, L/R: D. J. Cash, 
Process Engineer; G. N. Barrett, Jr., 
Chief Metallurgist; H. F. Jordan, Jr., 
Chief of Processing and Documents. 


Their job functions take them into 
separate yet co-ordinated responsi- 
bilities...Cash handles processing 
research, writes job process specifi- 
cations and trouble-shoots for process 
improvement... Barrett supervises 
the metallurgical control of mate- 
rials... Jordan oversees plant-wide 
engineering processing, including 
materials specifications. 


Marjorie R. Hyslop 
Managing Editor 
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DISCUSSING OBSERVING EXAMINING 
the advisability of changing finish quality for conformance two different types of anod- 
specifications for the type of to specifications after fiash- izing from the standpoint of 
cadmium plating employed. drying in an infra-red chamber. design desirability. 


Engineers who care 
what happens to metals 
read... 


Metal Progress 


Published by The American Society for Metals 
7301 Euclid Avenue « Cleveland 3, Ohio 


Write fora METALS ENGINEERING FACTOR ANALYSIS on your products 


unmatched tech- 
nical knowledge 
and six years 

of Eastman 
research, the 
editors of Metal 
Progress know 
what 30,000 
metais engineers 
must read. 


David F. Ritchie Carl R. Weymueller Dr. Allen G. Gray Ernest E. Thum 
Assistant Editor Assistant Editor Editor Editor-in-Chief 
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Contact 
HARSHAW 
SCIENTIFIC 
for your 
Laboratory’s 
Building Blocks 


FURNITURE 
APPARATUS 
INSTRUMENTS 


EQUIPMENT 
GLASSWARE 


Harshaw stocks many thousands of items— 
from corks to electron microscopes— obtained 
from over 800 manufacturers in all parts of 
the country. We would welcome an oppor- 
tunity to serve you. 


HARSHAW SCIENTIFIC 
Division of The Harshaw Chemical Company 


Cleveland 6, Ohio 


BRANCHES 
CLEVELAND 6, OHIO DETROIT 28, MICH. LOS ANGELES 22, CAL. 
1945 East 97th Street 9240 Hubbell Ave. 3237 Se. Garfield Ave. 
Tel. VUlcan 3-2424 Tel. VErmont 6-6300 Tel. RAymond 3-316! 


CINCINNATI 13,OHIO HOUSTON 11, TEXAS PHILADELPHIA 48, PA. 


6265 Wiehe Rd. 6622 Supply Row Jackson & Swanson Sts. 
Tel. REdwood 1-9100 Tel. WAlinut 3-1627 Tel. HOwerd 2-4700 


SALES OFFICES 
AMARILLO, TEXAS, 3409 S. Jockson Street + ATLANTA 5, GEORGIA, 
3130 Maple Drive, N.E., Tel. CEdar 3-3560 + BATON ROUGE 6, 
LOUISIANA, 3160 Florida Street, Doherty Building, Room 103, Tel. 
Dickens 3-1933 + BUFFALO 2, NEW YORK, 260 Deleware Avenve, 
Tel. GArfield 9-2000 + HASTINGS-ON-HUDSON 6, NEW YORK, 
Tel. HAstings 5-8250 * OAKLAND 11, CALIFORNIA, 3826 Piedmont 
Avenue, Tel. Olympic 5-6511 * PITTSBURGH 22, PENNSYLVANIA, 
504 Bessemer Bidg., 6th St. & Fort Duquesne Bivd., Tel. ATlantic 1-7930 
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lt takes more than equipment, no matter how 
modern, to perform the complex heat treating 
processes required today to achieve the property 
specifications of many metals. 

Without the proper combination of operational 
skill and technical knowledge developed by years 
of experience, even the most mechanical, up to 
date equipment can become a menace to your 
product and a destroyer of your business 

Today the commercial heat treating industry 
has definitely established its position as the source 
of skilled, experienced heat treating for all types 
of metals. Whatever your heat treating problem, 
always consult your commercial heat treater 
FIRST. 


THERE 1S A HEAT TREATING 


Anderson Steel Treating Co. New England Meteliurgico! Corp 


SPECIALIST NEAR YOUR PLANT 


Owego Heot Treat, Inc 
Lyndhurst, New Jersey Apolachin, New York 
Bennett Heat Treating Co., Inc. Pavlo Products Compeny 
Nework 3, New Jemey St. Lovis 10, Missouri 
Commercial Metal Treating, Inc. Alfred Heller Heat Treating Co Pittsburgh Commercial Heot Treating Co. 
Bridgeport, Connecticut New York 38, New York Pittsburgh |. Penmyivanio 
Cook Heat Treeting Co. of Texes Hollywood Heot Treating Co. The Queen City Stee! Treoting Co. 
Houston 11, Texas Los Angeles 38, Californio Cincinnoti 25, Ohio 
The Deyton Forging & Heat Treating Co ipsenteb of Canada, itd 4. W. Rex Compeny 
Dayton 3, Ohio Toronto, Ontario, Conodo Lonsdole, Pennsylvania 
Dominy Heat Treating Corp. Ipsentab of Rockford, Inc. Stenley P. Rockwell Compeny 
Dollas, Texas Rockford, Hlinois Hartford 12, Connecticut 
Drever Company ; L-R Heat Treating Compeny Scott & Son, Inc. 
Bethayres, Pennsylvania Nework, New Jersey Rock Island, Illinois 
Greenman Steel Treating Company The Lakeside Stee! impr Syrocuse Heot Treating Corp. 
Worcester 5, Massachusetts Cleveland 14, Ohio Syrocuse, New York 
Fred Heinzeiman & Sons Metallurgical, inc Temperature Processing Co. 
New York 12, New York mM: polis 14, ™ North Arlington, New Jersey 


This Advertisement is Sponsored By the Companies Listed Above—Members of the Metal Treating Institute. 


DECEMBER 1958 


takes » | 
al 
¥ eer... 
| 
il 


Truest expression of customer satisfaction is a re-order. 
And so pleased was Fansteel at the analytic speed of the 
G-E x-ray emission spectrometer at their North Chicago 
(Ill.) plant that they have installed a second production 
unit and a third at their research center! 

In truth, we've yet to furnish one of these precision 
instruments where spectacular time-savings have not re- 
sulted. In metallurgy or non-metallics — this direct-meas- 
uring instrument takes large samples or small . . . supplies 
a permanent chart record. 


OCTORER | 


Fast analysis with x-ray spectrometer? 


Ask the firm that owns three! 


BEFORE: To control quality in the pro- 
duction of refractory metals from ores of 
widely varying purity, Fansteel Metallur- 
gical Corp. used wet chemistry to detect 
impurities in tantalum and columbium. Prob- 
lem: analysis dragged on for tuo weeks and 
even then was frequently subject to error. 


AFTER: WITH G-E X-RAY SPEC- 
TROMETER, analysis time was trimmed 
to one hour including final preparation of 
sample. Now they've put the General Elec- 
tric XRD-5S to work analyzing other prod- 
ucts as well compounds, liquids, metal 
powders and massive pieces. 


What economics does it hold 
for you? Your G-E x-ray repre- 
sentative can help you estimate. 
Or write X-Ray Department, 
General Electric Co., Milwau- 
kee 1, Wisconsin, Room AS-124. 


Progress /s Our Most Important Product 
GENERAL ELECTRIC 
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WIDELY USED 
ADJUSTABLE PORT VALVES 


by North American 


AP Gas Valve — North 
American Hydraulic Operator 


4” Air and 112” Gas AP Valves 
Beck Electric Operator 


112" Adjustable Port Gas Valve 
Conoflow Pneumatic Operator 


6” Adjustable Port Air Valve 
Minn.-Honeywell Elec. Operator 


10” AP Air Valve — North 
American Pneumatic Operator 


12” Adjustable Port Air Valve 
Bristol Pneumatic Operator 


4” Adjustable Port Gas Valve 
Leeds & Northrup Elec. Operator 


6” Air, %" Oil, and 2” Gas AP 
Valves—ATC Electric Operator 


1%" Adjustable Port Gas Valve 
Barber-Colman Eloc. Operator 


for HOT or COLD AIR, GAS, OIL, WATER, STEAM 


special materials available for other fluids 


LOW TORQUE e ROTARY PLUG e EASILY CLEANED 
Pressure Drop Adjustable for Best Flow Characteristic 


| 
: - \ 
me) 
North American Mfg. Co. 
Cleveland 5, Ohio. 
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EEL-WELD 


— 


FABRICATION... 


Will Save TIME and MONEY in the Construction 
of Virtually Any Big Piece of Machinery! 


The 40-Ton Frame and Carriage, illustrated above, are Steel-Weld 
Fabricated Parts of a loading device for a large extrusion press. These 
weldments are typical of thousands of Steel-Weld Fabricated units 
produced by Mahon for manufacturers of processing machinery, ma- 
chine tools, and other types of heavy mechanical equipment. 


When your design calls for weldments of any kind, you, too, will 
want to discuss your requirements with Mahon engineers; because, in « 
the Mahon Company you will find a unique source for weldments or 
welded steel in any form... a fully responsible source with a long 
and enviable performance record, and unusual facilities for design 
engineering, fabricating, machining and assembling. 


See Sweet's Product Design File for information, or have a Mahon 
sales engineer call at your convenience. 


THE R.C. MAHON COMPANY © Detroit 34, Michigan 


SALES-ENGINEERING OFFICES in DETROIT, NEW YORK and CHICAGO 
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The little booklet on alloy steels 
that grew into a textbook... 


Quick Facts about Alloy Steels appeared 
for the first time in 1956, as a collec- 
tion of reprints of a series of Beth- 
lehem advertisements in metalwork- 
ing magazines. 

The small booklet was well received, 
and we kept adding more of the in- 
formative advertisements as we re- 
printed it to keep up with demand. 
Today, it has grown to 40-page size, 
and is in its Third Edition. More than 
20,000 booklets have been distributed 
at the written request of executives, 
engineers, designers, and others, who 
have found Quick Facts to be an author- 
itative small textbook on the funda- 


mentals of alloy steels. Here’s what 
a U. S. Navy engineer wrote: 

“Quick Facts is a small textbook 
of information—a booklet that has 
been needed for a long time. One of 
my associates and I had a metallur- 
gical problem involving alloy steels. 
We just didn’t have the information. 
A friend showed me a copy of your 
booklet Quick Facts, and there on one 
page, under the subject ‘Determining 
Depth Hardness,’ was just what we 
wanted to know!” 

The current booklet contains re- 
prints of the complete series of adver- 
tisements, on such subjects as, “What 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. On the Pacific Coast Bethlehem products are sold 
by Bethlehem Pacific Coast Steel Corporation. Export Distributor, Bethiehem Steel Export Corporation 


BETHLEHEM STEEL 


is an Alloy Steel?” “Effects of Ele- 
ments,” “Grain Size,” “‘Heat-treat- 
ment,” “Quenching Media,” and 
others. It’s written in concise, lay- 
man’s language, from data compiled by 
Bethlehem’s metallurgical engineers. 

Would you like a copy of the 
Quick Facts booklet? Just fill out and 
send in the coupon. 


PUBLICATIONS DEPARTMENT, ROOM 1030 
BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


Please send me your “Quick Facts about Alloy Steels”? 


booklet. 
NAME. 


COMPANY 


ADDRESS. 


CITY. 
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WHY ARE THESE PEOPLE “METALS MEN” 
WHY ARE THEY MORE VITAL TO THE METALS 


INDUSTRY? 


Each of these men has earned the MEI Certificate. Each is a 


Elements of Metallurgy 

All the men in the photograph 
are MEI graduates . . . and, from 
the start, they had one important 
thing in common. They all work 
with metals. They can all per- 


sonally benefit from a better, more 


Titanium 
Metals for Nuclear Power 
Stainless Steels 


Electroplating and 
Meta! Finishing 


Gray Iron Foundry Practice 


Oxy-Acetylene Welding 
Stee! Foundry Practice 
Primary and Secondary 


Recovery of Lead and Zinc 


Stee! Plant Processes 
Copper, Brass and Bronze 
Magnesium 


current, knowledge of metals. 
Certainly, whether you weld 
metals, sell metals, test metals or 
make metals, MEI can be an inter- 
esting and helpful partner in your 
plans for personal progress in the 


Too! Steels 
Arc Welding 
Blast Furnace Operations 


metals industry. MEI can help 
make you a better “metals man”... 
more vital to your firm and to the 
metals industry. 

Start to increase and up-date 


METALS ENGINEERING INSTITUTE 


A Division of American Society For Metals 
7301 Euclid Avenue: Dept. P128 Cleveland 3, Ohio 


Please send me your 32-page 
catalog: “Training Courses 


for the metals Industry" 


better “metals man" because MEI taught him more about metals 


your knowledge of metals by look- 
ing into the home study courses 
offered by the Metals Engineering 
Institute .. . a division of your own 
American Society for Metals. A 
new, 32-page catalog has been pre- 
pared which gives an attractive 
review of all MEI home study 
courses on metals and an introduc- 
tion to the authoritative MEI staff 
of well-trained instructors and ex- 
pert authors. 

MEI will send you a copy of 
“Training Courses for the Metals 
Industry” with absolutely no ob- 
ligation on your part... just return 
the coupon below. 
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d-Sip 
delivery on Quality Stainless Sheet and*St 
| Now you can demand the qua advanced stainless steel — lose tolerances in widths up to 48 inches. 
‘strip Ohio, is the result of yearsiof & L offers stainless steel ap 
“Sendzimir Mill at Louisville, vide facility of such support, ibleservce, 
planning by specialists to lity is assur ed. the, fastest — 


ig 


i 
“The BLF Keith Building 
Euclid 
and 15, Ohio 


IP DIVISION DISTRICT SALES OFFICES 


and STRIP DIVISION 


“The 50” Slitter. One of Three Slitting Lines for Cutting 
One of the two Shear-to-Length Lines for “oils 
STAINLESS and STR 
| 
and Sttip Manual today WIRE* SHEET STRIP 
Jones & Laughlin Steel Corporation STAI 
Box 4606, Detroit 34 


M-S-A’* LIRA Analyzers help control dew point 
of furnace atmospheres 


You can prevent damaging oxidation and change in carbon content of metal 
surfaces by measuring water vapor content with M-S-A infra-red analyzers 


Typical installation shows M-S-A URA Analyzer calibrated for 
suitable dew point ranges to determine carbon potential of the 
furnace atmosphere. 


Heating metals like steel, copper, brass, etc., generally 
makes them chemically active with the atmosphere in 
the furnace. 

Such atmospheric furnace action may damage the 
surface of the metal. It may cause scaling by oxidation. 
Or change in surface carbon by carburization or decar- 
burization, 

To combat this quality control hazard, many metal- 
lurgists are holding the carbon range to much closer 
tolerances with dew point control by infra-red analysis. 
And they're using M-S-A LIRA Analyzers to do the 
job. Safely. Reliably. Accurately. 

Since water vapor is such an ideal absorber of infra- 


a red radiation, M-S-A LIRA Analyzers are extremely 
well-adapted for controlling the dew point of a furnace 
atmosphere. 

There are a number of M-S-A LIRAs installed in 

. annealing operations of strip steel and special carbon 


steels, and also in pure hydrogen atmospheres where 
hydrogen brazing is taking place. 

Principle of operation for the M-S-A LIRA is simple. 
The gas sample passes through a sample cell through 
which an infra-red beam is directed. This direct beam 
measurement eliminates the problems usually encoun- 
tered in such analysis: getting water vapor to react with 
some salt, or cooling it to cause a frost on 4 mirror, etc. 

An MSA Instrument Specialist will be pleased to 


, ‘ : ‘ , The entire assembly of the M-S-A LIRA Analyzer is mounted on a self-supporting 
discuss your specific problems with you. Write for in- panel. All adjustments are easily made from the front of the panel. 
formation regarding your particular problems of at- 

mospheric analysis and control. 


INSTRUMENT DIVISION 


Mine Safety Appliances Company 
Pittsburgh 8, Pennsylvania 
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New Study Shows Crucible 56 Offers the 
Stability, Tensile and Yield Strengths Needed 
in 800—1000° F. Applications 


A recent study considers three steels which show prom- 
ise of solving the high temperature strength problems 
encountered in today’s high speed flight.t These problems 
of maintaining structural strength at elevated tempera- 
tures are further complicated by the need for favorable 
strength/weight ratios. 

Two of the steels are hot work types (Crucible 218 and 
56) that are only now being considered for structural 
applications in aircraft. Crucible 56 is a relatively new 
steel, offering an unusually high level of stability at 
high temperatures. The chemistries of the three steels are 
as follows: 


CHEMICAL COMPOSITION 
Grade c CR Ni Mn 


Crucible 56 40 3.30 60 
Crucible 218 38 5.20 35 
AIS! 4340 40 80 180 .70 


Figs. A and B compare the tensile and yield strengths 
of the three steels at the exposure temperature. The 
curves show that both Crucible 56 and Crucible 218 
proved superior in these tests. However, the hardness- 
tempering curve for Crucible 56 shows that it is more 
stable than the other analyses evaluated. Crucible 56 
also offers higher hardness (and hence, strength) when 
tempered in the 1050-1100° F. range. As the comparisons 
indicate, it also has higher elevated temperature tensile 


Fig. A. Tensile strength of various steels at exposure temperatures 
Figures in parentheses are tempering temperatures 


Although this study considers only aircraft applications, dota given here may 
prove helplul in designing turbines, chemical processing and nuclear equip- 


ment, ond other equipment where service temperatures ranging from 800 
1000° F. are required. 


Fig. B. Yield strength (0.2% off-set) of various steels ot exposure 
temperatures Figures in porentheses ore tempering temperatures 


and creep properties than Crucible 218, which is a con- 
ventional AISI type. In Fig. C, the isochronous (constant 
time) stress-strain curves illustrate the stability of 
Crucible 56 at the top of the service temperature range. 
With these curves it is possible to determine the stress 
at which creep becomes an important consideration. 


For further details on Crucible 56 and other com- 
parative data, send the coupon. 


Fig. C. Isochronous stress-strain curves for Crucible 56 sheet show 
the outstanding creep properties of this steel which ore higher than 
any other steel at 1000" F 
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vacuum 


cast properties of U 


Compares properties of 
bearing steels produced by 
various melting techniques 


High vacuum technology has expanded considerably 
in recent years. The degree of improvement obtainable 
can be shown by comparing the properties of SAE 52100 
produced by various melting techniques. 

The following table givés gas content analyses of this 
chromium-carbon steel when produced by air melting 
(AM), air melting and vacuum arc remelting (AM + 


VAR), vacuum induction melting (VIM) and double 
melting (VIM +VAR): 

Melting Technique 0(PPM) N(PPM) (PPM) 
AM 30 100 <a 

AM + VAR 7 70 <1 

VIM 5 3 <1 

VIM + VAR 3 3 <1 


Reduction in gas content is important, of course, because 
gases have varied detrimental effects on alloys. Oxygen 
increases transition temperature and forms various types 
of inclusions. Nitrogen effects aging, fatigue and stress 
rupture. 

Similar improvement is obtained in cleanliness. (Inclu- 
sions strongly influence properties such as fatigue, im- 
pact and ductility.) Vacuum induction melted 52100 
shows very small sulphide and oxide inclusions. Its back- 
ground is extremely clean. Vacuum arc remelted 52100, 
made from air melted electrodes, also shows sheuiinen 
improvement over the air melted steel. Still further im- 
provement is available with double melting. 


Up to now, vacuum melted 52100 has been used mainly 
in bearings for jet engines, grinder spindles and instru- 
ments. It is credited with extending “B-10” life (the life 


at which 10% of the bearings fail) from 65 hours to 
375 hours. Premature failures have been virtually elim- 
inated. And the average number of production rejects 
of finished balls has dropped from 15% to 0.3°% —savings 


CRUCIBLE 
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that in some cases pay for the slightly higher cost of the 
vacuum melted alloy. 

For more data on vacuum melted SAE 52100—or data 
on other vacuum melted ferrous and non-ferrous metals 
and alloys—send the coupon. 


UHS-260 in cast form offers 
high strength with good ductility 


New studies of the cast properties of UHS-260 should 
prove interesting to designers of structural parts for 
aircraft. In cast form at high temperatures, UHS-260 
offers very high tensile strength with ductility equal to 
or better than transverse properties of the wrought form. 
Data from a preliminary report is given below. For more 
complete information send the coupon. 


Grade UHS-260 Cast Properties 
—Preliminary Report 


Nominal Composition 


c Si Mn Mo Cu fe Cr Ni v Condition 
0.35 1.50 1.35 0.30 ~ Bal. 1.25 - 0.30 Hardened 
& Tempered 
Mechanical Properties 
Test Tensile Yield 
Temp Strength Strength % % Charpy 
° psi psi Elong RA. Impact 
Mean —40° 265,000 218,000 6 10.5 7 
High 268,000 226,000 65 15 8 
Low 262,000 213,000 a 9 6 
Mean 76° 260,000 217,000 45 12.5 7.7 
High 265,000 241,000 6 16 8 
Low 257,000 211,000 a 7 6 
Mean 400° 266,000 191,000 5 7.3 ll 
High 269,000 205,000 6 10 13 
Low 261,000 183,000 a 5 9 
Mean 600 237,000 162,000 9 18 11.3 
High 240,000 172,000 10 23 12 
Low 234,000 153,000 8 13 10 
Mean 800° 200,000 147,000 9.6 29 12.3 
High 232,000 179,000 13 42 13 
Low 189,000 131,000 3 a 12 
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CRUCIBLE STEEL COMPANY OF AMERICA 
Dept. ELOY, The Oliver Building 
Mellon Squore, Pittsburgh 22, Pa. 


Gentiemen 


Please send me the following 

1. Crucible 56 Data Sheet___._. Comporative Dato 
2. Deta sheet on vacuum induction melted SAE 52100 
3. Dato on other VIM metals 

4. Further information on the cast properties of UHS-260 


Nome. 


Title 


Compony— 


Street — 


Zone. Stote 


STEEL COMPANY OF AMERICA 
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HOW CAN YOU USE THIS NEW TYPE OF 


Tensile strength, 105,000 e 


elongationin2”,2%  -e 


ARMASTEEL 88M has been developed to fill the 
automotive industry’s needs for a material having in- 
creased wear resistance and high yield strength, yet at 
the same time retaining good machine characteristics. 


ARMASTEEL 88M does not require heat treating 
and thus relieves customer facilities or eliiinates 
capital expenditures. In many parts, distortion is a 
problem after heat treating. Parts made from Arma- 
Steel 88M can be machined without further heat 
treatment and still give good wear resistance. 


This new castable metal is a pearlitic malleable iron 
which possesses substantially the same strength and 
the same wear characteristics as alloy steel forgings. 
Being a castable material, it has the two advantages 
of design flexibility and good machinability. Why 
88M possesses these characteristics—and how it will 
fill the needs of American industry will be of interest 
to manufacturers and engineers in many fields . . . 


PRODUCTION OF 88M—By accurately controlling 


Automatic Transmission 
Planet Gear Carrier 


Minimum yield, 85,000 . 
Brinell hardness 269-302, (3.5-3.7 mm) 
Machinability 20% better than steel of same hardness! 


cally any molded cavity, 88M not only permits great 


Minimum 


Universal Joint Yoke 


the heat-treatment of 
ArmaSteel 88M in con- 
trolled atmosphere fur- 
maces at 1750° for ap- 
proximately 15 hours, all 
massive carbides are re- 
moved. This heat treatment is followed by closely 
controlled oil quench and tempering operations to 
provide a narrow range of hardness. 


Surface hardening of ArmaSteel, if desired, does not 
require carburizing. Instead, flame-hardening, induc- 
tion-hardening or simple immersion methods may be 
used. A surface hardness of 50 Rockwell C to 60 
Rockwell C can be readily obtained. Wear-resistant 
properties in the hardened area are comparable and 
sometimes better than carburized steel, while the re- 
maining sections retain their original toughness. 


MACHINABILITY—In addition to performance 
characteristics, ArmaSteel offers good machinability. 
Carbon spots that are present in the Matrix of 
ArmaSteel allow the chips to break off readily, effec- 
tively reducing machining time and prolonging tool 
life. In comparative tests, ArmaSteel shows itself to 
be a more freely-machining material than steel bar 
stock or forgings of the same Brinell hardness. 


Because of its ability to assume the shape of practi- 
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PEARLITIC MALLEABLE 


IRON? 


CENTRAL FOUNDRY DIVISION 


freedom in design but also possesses certain inherent 
physical characteristics not present in forgeable alloys. 


APPLICATIONS—ArmaSteel 88M is now being cast 
for automatic transmission planet gear carriers and 
universal joint yokes for leading automobile manu- 
factures. Other interesting applications now in the 
testing stage include transmission output shafts, and 
diesel engine idler, balance and crankshaft gears. 


Just what hundreds of other applications are in store 
for 88M is still anyone's guess. But the more one ex- 
amines its characteristics, the more it would seem 
that it will fill many needs in many types of products 
and industries. In your products, for example, you 


Diesel Engine Idler, Balance and Crankshaft Gears 


Transmission Output Shaft 


may well see where 88M could both improve per- 
formance of components subject to great wear or 
great stress, and at the same time reduce final cost 
because of the economy in casting and the economy 
in a material with superior machining characteristics. 


CASTING—Parts are cast in ArmaSteel 88M, here 
at Central Foundry Division, in either standard green- 
sand molds or the newer, more precise shell-molds. 
In addition to 88M, Central Foundry Division pro- 
duces castings, on a volume basis, in grey iron, alloy 
grey iron, malleable iron, and ARMASTEEL 84M, 
85M and 86M 


Our research facilities and engineering staff are pre- 
pared to help you determine whether 88M or any 
of the other materials now being cast at Central 
Foundry will fill your needs or help you reduce your 
over-all product cost. 


Write for your copies of our two comprehensive 
manuals, “ARMASTEEL” and “SHELL CASTINGS? 


CENTRAL FOUNDRY DIVISION 
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These universal testing. machines 


FACILITATE ALL MODERN RESEARCH 


AND CONTROL 
PRACTICES 


Today’s stringent testing requirements and 


€ 


demanding test schedules call for a uni- 
versal testing machine with both the high 


sensitivity and rapid response of a Riehle. 


In addition, progress in modern practices 
of research and production control demand oo 
the broad flexibility that a Riehle provides. | 


For example, equipment and instruments ( 
now available bring programmed tests for 
both creep and relaxation and under vac- 
uum furnace conditions into the scope of 


this machine’s functions. 


Hydraulic and screw power testing ma- 


iq chines are available in capacities from 
na 2,000 lbs. to 450,000 lbs. as standard. 
Riehle welcomes special application prob- 


lems for testing equipment. 


OTHER RIEHLE TESTING MACHINES: Creep 
ie and Stress-Rupture Testing Machines, Hydraulic 
Fatigue Testing Machines, Construction Materials, 
Impact, Brinell, Torsion, Horizontal Chain, Rope 
and Cable Testers, Portable Hardness Testers for 
Rockwell Readings, Etc. 


Division of American Machine and Metals, Inc. 


Dept. MP-1258 East Moline, Illinois 


OD Riehle Hydraulic Universal Testing Machines 
LJ Riehle Screw Power Universal Testing Machines 


MAC Please send your latest illustrated bulletin on 
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Vacuum Treating 


A new cold-wall vacuum treating 
furnace for sintering of powder met- 
al parts compacted of materials with 
a very high melting point, such as 
tantalum, and degassing of compo- 
nents such as tungsten elements for 
electronic tubes, which require equal- 
ly high temperatures, has been an- 
nounced by F. J. Stokes Corp. De- 
signed to operate at temperatures up 
to 4000° F., the new cold-wall fur- 


nace is suitable for both experimental 
work and for small scale production. 
It is of approximately desk-top height, 
5 ft. 4 in. long and 4% ft. wide. 
Within the vacuum retort, which is 
20 in. in diameter and 20 in. deep, 
is a hot zone 3% in. in diameter and 
6% in, produced by a resist- 
ance-heated radiant cylinder. This 
hot zone is surrounded by a multi- 
layer reflective shield, which in turn 
is surrounded by a water jacket. 


deep, 


For further information circle No. 1188 
on literature request card, page 48-B. 


Anodic Coating 
for Magnesium 

A clear anodic coating for mag- 
nesium alloys that can be applied in 
less than 1 min. has been announced 
by the Dow Chemical Co. It is used 
under a lacquer or varnish for maxi- 
mum corrosion protection. Lacquer or 
varnish tinted with commercial dye- 
stuffs can be applied over the clear 
anodize to obtain a transparent ef- 
fect. Clear anodize uses a 40-volt 
current. In 20% salt-spray tests, mag- 
nesium finished with clear anodize 
plus lacquer or varnish has passed 
500 hr. with virtually no change in 
appearance. The anodic treatment can 
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be applied to sheet, extrusions, die 
castings, sand castings and forgings. 


For further information circle No. 1189 
on literature request card, page 48-B. 


Inspection 

A 58-lb. portable isotope machine 
that permits one-man radiographic in- 
spection of industrial equipment has 
been announced by Picker X-Ray 
Corp. The new isotope machine can 
be operated with either iridium 192 
or thulium 170. When loaded with an 
iridium 192 source of 10 curies, it 
radiates energy equivalent to that of 
a 600,000-volt X-ray machine; when 
50 curies of thulium 170 are used, it 
radiates energy equal to that of a 
125,000-volt X-ray machine. 
For further information circle No. 1190 
on literature request card, page 48-B. 


Gas Generators 

Cc. M. Kemp Mfg. Co. has an- 
nounced two new models of inert gas 
generators in capacities of 500 and 
1000 cfh. Discharge pressure of each 
is 1.5 lb. and a % hp. motor operates 
the smaller generater while a % hp. 


motor operates the larger. The 500 
cfh. unit uses 58 cu. ft. of natural 
gas and 22 cu. ft. of propane per hr. 
and the 1000 cfh. unit uses 115 cu. ft. 
of natural gas and 45 cu. ft. of pro- 
pane per hr. 

For further information circle No. 1191 
on literature request card, page 48-B. 


Impregnation System 

General Vacuum Corp. has an- 
nounced a new system for both vac- 
uum and pressure impregnation of 
electrical components. The treating 


tank is 36 in. in diameter by 51 in. 
high. It is jacketed and insulated, 
and designed for operation at pres- 
sures from high vacuum to 250 psig. 
The hot-oil jacket heating system 
provides temperatures up to 600° F. 
Instrumentation and controls are 


actuated by sensing element in the 
oil-heated jacket or in the workpieces, 
or both. Other sizes are available for 
laboratory and production. 


For further information circle No. 1192 
on literature request card, page 48-B. 


Copper Alloy 

Scovill Mfg. Co. has announced a 
new alloy called OFHC + Sulphur 
copper, Which is available in rod form 
only. Its composition is 99.75% Cu, 
0.25% ‘SS. This new sulphur copper 
rod has a machinability rating of 90 
based on a rating of 100 for free cut- 
ting brass; its electrical and thermal 
conductivity are approximately 96% 
that of OFHC or ETP copper. Its 
general corrosion resistance is com- 
parable to pure copper. It may be 
used for parts which require machin- 
ing and for headed, formed, 
pressed or swaged parts. 


rolled, 


For further information circle No. 1193 
on literature request card, page 48-B. 


Vacuum Furnace 

A new electric bell-type furnace 
with high vacuum and a temperature 
range up to 2700° F. has been an- 
nounced by the General Electric Co. 
Cylindrical metal shields instead of 
brick insulate the inside walls. The 
radiation shields of heat-resisting 
alloy are arranged in several layers 
of concentric cylindrical shells on the 
inside walls of the heating chamber. 
The top and bottom have separated 
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Swift Development opens up 


: New Opportunities for 
ANTI-FRICTION ACTION 
Flexal? represents a family of “light” metallic 


stearates which were developed specifically to 
provide the metal processing industry with a 
highly heat resistant, water insoluble* processing 
lubricant. 


They have exhibited excellent, effective and eco- 
nomical service life as anti-friction agents, are 
extremely uniform in composition and highly sta- 
ble in storage and in use. Their versatility makes 
The Flexal’ family highly adaptable to specific 
processing requirements. 


j 


Why not look over the general specifications 
with your specific process in mind? Our success 
with this dramatic new family may open a new 
avenue of ANTI-FRICTION ACTION for you. 
Write for details: SWIFT & COMPANY, Soap 
Department, 4115 Packers Ave., Chicago 9, III. 


104% YEAR 


GENERAL 
CHEMICAL PROPERTIES 


moisture—from 1°) to 3°; max. 
titer range—10° C to 60° C 
iodine number—max. to 95 
meiting point—150° F to 800° + F 
storage life—completely stable 
molec. weight—(approx.) 288 to 700 


PHYSICAL 


form—amorphous to powder 
color—gray to white 
odor—neutral 


* solubility—versatile; Fiexals can be 
either soluble or insoluble in water 
or solvents, depending upon need. 
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layers of alloy sheets in a horizontal 
position. The furnace is used princi- 
pally for heat treating superalloys 
and refractory metals. The furnace 
casing is water-jacketed. 

For further information circle No. 1194 
on literature request card, page 48-B. 


Tube Furnace 

Hevi-Duty Electric Co. has an- 
a new line of molybdenum- 
tube furnaces, capable of operating 
at temperatures to 3000° F. Three 
standard sizes of single-end or double- 


nounced 


end furnaces are available. A reduc- 
ing atmosphere is generally used to 
protect the elements. However, a 
second nonporous tube can be supplied 
to protect the work when a reducing 
atmosphere is not desired. Top of the 
furnace is removable for easy access 
to the elements. 

For further information cirele No. 1195 
on literature request card, page 48-B. 


Illuminator 
A new which 
can be used for all standard magnifi- 


surface illuminator 
cations on their micro-projector has 
been announced by the George Scherr 


Co. It picks up a design or contour 


against an opaque background. The 
illuminator uses a 500 watt standard 
projection bulb. The mirrors are 
adjustable permitting use of the unit 
for all magnifications from 10 up 
to 100. 


For further information circle No. 1196 
on literature request card, page 48-B. 
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Steel Bars 

A series of improvements in Stress- 
proof steel bars have been announced 
by La Salle Steel Co. Yield strength 
is now 100,000 psi. in all sizes. New 
standard as-drawn tolerances range 
from 0.004 in. in sizes % to 1% in., 
0.005 in. in sizes from 1% to 2% in., 
and 0.006 in. in sizes from 2% to 3% 
in. Through the addition of copper, 
improvements have made in 
quality control and processing. Ma- 
chinability in now approximately 
85% compared with B1112. 


been 


For further information circle No. 1197 
on literature request card, page 48-B. 


Nickel Plating 

A new low-sludge anode for nickel 
plating of recessed surfaces has been 
announced by Hanson-Van Winkle- 
Munning Co. The new material cor- 
rodes evenly, producing minimum me- 
tallic and carbon sediment. No anode 
bags are required. The new alloy may 
be used in the form of auxiliary 
anodes to plate bright nickel areas 
of low current density. 


For further information circle No. 1198 
on literature request card, page 48-B. 


Welding Machines 
Asea Electric, Inc., has announced 
the importation of an automatic flash 


welding machine, equipped with hy- 
draulic clamping and motor-operated 
upsetting. It has maximum welding 


section capacity of 40 sq. in. Auto- 
matic control is operated through 
welding temperature and slide dis- 
tance. Uniform welds result when 
abutting surfaces are uneven. 


For further information circle No. 1199 
on literature request card, page 48-B. 


Cleaning 
A new 
painting 


method for cleaning and 
parts has been an- 
nounced by the Du Pont Electro- 
chemicals Dept. The inte- 
grates vapor degreasing with applica- 
tion of paint by flow coating. The 
nonflammable trichlor- 


metal 


process 


same solvent, 


©) 


* National Bureau of Standards 
calibration report when desired. 


Write for literature, prices and 
name of nearest distributor. 


proving rings to measure any load 
compression 


Steel City offers two styles of proving rings which 
require no adjustment during 
indicator ring (illustrated) measures deflection 
in increments of 0.0001". Applied load or force 
is determined from a calibration report furnished 
with each instrument*. With this type of ring, even 
an inexperienced operator can repeat readings 
as close as 1/10 of 1%. 


Optical-type proving rings, developed for the 
USAF, use a ruled scale and a high-powered 
microscope for readings in increments of 0.00002”. 
Repeat readings as close as 1/20 of 1% can 
be achieved. 


use. The dial- 


Compression and tension models are available in 
either style, with capacities up to 200,000 Ib., all 
manufactured of special-alloy steel by experi- 
enced craftsmen. They are used for calibrating 
Brinell testers, testing machines and presses, and 
load cells, or for measuring applied loads. 


8811 Lyndon Ave., Detroit 38, Mich. 
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ew Protection 
For YOUR 
Equipment— 

At Temperatures 

Up To 3300F 


The new Norton ALUNDUM Cast- 
ables are made in two types: 33-I In- 
sulating and 33-HD Heavy Duty. At 
temperatures up to 3300°F both 
types have been extremely successful 
in protecting high temperature proc- 
essing in many industries and 
many different installations. 
ALUNDUM 33-I Insulating Castable 
is made up primarily of pure alumi- 
num oxide bubbles, tiny and count- 
less. Forming a network of air spaces, 
it assures excellent insulation, even 
at highest commercial temperatures. 
ALUNDUM 33-HD Heavy Duty 


ALUNDUM* castables 
offer unusual 
advantages to all 
industries using 
high temperature 
installations 


Will fire continuously up to 3300°F. This Harrop gas-fired furnace, 
recently developed by the Electric Furnace Division of the Harrop Ceramic 
Service Company, Columbus, Ohio, is particularly applicable to the firing 
of ceramic oxide bodies. Norton ALUNDUM 33-1 Insulating Castable 
selected for the inner lining of the furnace and its roof, provided com- 
pletely satisfactory protection under repeated tests at highest operating 
temperatures. 


Castable is chiefly composed of dense 
grains of pure aluminum oxide. It is 
recommended for forming dense mon- 
olithie surfaces in many types of fur- 
naces where high temperature condi- 
tions are particularly severe. 

Both 33-I and 33-HD Castables 
are very easy to store, mix and use. 
With them you can cast simple or 
complex shapes quickly and eco- 
nomically, replace more expensive 
pre-fired shapes, and cut mainte- 
nance and replacement costs to very 
lowest. Ask your Norton Represen- 
tative for details, and for the folder 


Making better products ...to make your products better 


Two Norton Castables. Or write to 
NORTON COMPANY, Refractories 
Division, 332 New Bond Street, 
Worcester 6, Massachusetts. 


*Trade-Mark Reg. U.S. Pat. Off. and Foreign Countries 


REFRACTORIES 
Engineered... R .. Prescribed 


NORTON PRODUCTS Abrasives + Grinding Wheels + Grinding Machines + Refractories + Electrochemicals — BEHR-MANNING DIVISION Coated Abrasives + Sharpening Stones  Pressure-Sensitive Tapes 
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ethylene, is used for vapor degreas- 
ing and paint thinner. Then an air- 
drying paint is used, the parts are dry 
and ready for shipment when they 
are removed from the machine, since 
evaporation of the thinner occurs in- 
stantly. When a baking paint is used, 
the parts proceed immediately to the 
baking operation. 

For further information circle No. 1200 
on literature request card, page 48-B. 


Facuum Furnace 

High Vacuum Equipment Corp. has 
announced a new horizontal, pro- 
duction furnace, capable of operating 
at temperatures up to 3000° F. at a 
vacuum of 5x 10° mm. Hg. Furnace 
is designed for heat treating, anneal- 
ing, brazing and sintering. It has a 
zone 12 by 18 in. resistance-heated 
by dual-zone molybdenum cage-type 
elements, and is insulated by a five- 


layer molybdenum and stainless steel 
heat shield assembly. A loading-cool- 
ing zone, isolated from the vacuum 
chamber by a water-cooled vacuum 
gate valve, permits semicontinuous 
operation. The hot zone remains at 
constant temperature and under high 
vacuum at all times. Floor area re- 
quired is 6 by 12 ft. 


For further information circle No. 1201 
on literature request card, page 48-B. 


Conveyor 

May-Fran Engineering has an- 
nounced a new flat-top hinged steel 
belt conveyor for flush-with-floor and 
conventional above-floor mounting. 
Each belt link is precision formed, 
overlaps and interlocks to provide a 
smooth surface, Operating in a single, 
predetermined direction, the con- 
veyor in flush-with-floor installations 
offers a moving sidewalk for heavy 
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warehouse loads while permitting 
crossing truck and personnel traffic 
with the belt in motion. It is en- 
gineered to prevent parts and tools 
from falling through and provide 
maximum safety. 


For further information circle No. 1202 
on literature request card, page 48-B. 


Coatings 

Dispersions of tetrafluoroethylene 
resins in a selection of binders which 
permit application of the plastic to 
heat-sensitive surfaces has been an- 
nounced by Acheson Colloids Co. The 
Emralon series of dispersions can be 
cured at 300° F. or less. Preferably, 
application should be made with a 
spray gun of the external-atomizing 
type using air pressures of 35 to 50 
psi. This is followed by air drying, 
or infrared or oven curing, depending 
on the Emralon used. The normal 
film thickness for lubricating pur- 
poses is about 0.6 mil. Where thicker 
coatings are desired, multiple passes 
can be made by the spray gun with 
air drying between passes. 
For further information circle No. 1203 
on literature request card, page 48-B. 


High-Temperature Furnace 
K. H. Huppert Co. has announced 
a new electrically heated high-tem- 
perature furnace for operation up to 
3100° F. without protective atmos- 
phere. Elements are oxide coated but 


nonoxidizing and nonflaking. The 
furnace has automatic time-tempera- 
ture run-up and automatic tempera- 
ture control, and a double pivoted, 
swing-type door. 

For further information circle No. 1204 
on literature request card, page 48-B. 


Controlled Atmospheres 

A new instrument for control of 
furnace atmospheres has been an- 
nounced by the Technical Products 
Div., Mine Safety Appliances Go. The 
Thermatron combines the thermal 
conductivity and thermal convection 
characteristics of a gas to selectively 
analyze one component in a gas mix- 


WORD FROM 


HERE'S REAL 
HELP IN 
SELECTING 
FLO-METERS 


A prominent 

engineer told 

us recently 

that the Wau- 

kee Flo-Meter 

Bulletin No. 

204 was one of 

the most helpfully designed pieces 
of equipment literature in his files. 
Needless to say, this statement 
twanged our heart strings even 
though we planned it that way. 
Here are capacity tables for all the 
commonly used industrial gases and 
you can pick out the right meter 
size and price in a moment. Wheth- 
er it’s ammonia, helium, argon or 
rich exothermic, it doesn’t matter 
—practically all the gases are there. 
Also there are complete dimensions 
including cutouts for panel mount- 
ing.. Write to 5140 No. 35th St. 
Milwaukee 9, for your copy. 


OUR MAN HILDING 

July 30th, 1958 was a joyous day for 
this man. Here is this happy man 
on the Marysville, Michigan golf 
course with his 

two fine boys 

— John, his 

older boy just 

home from 2 

years service 

in the Aleu- 

tians, and Neal 

recently 

finished fresh- 

man year at 

Wayne Univer- 

sity. And how 

does this man 

celebrate? On 

hole No. 3, 190 

yards, he drops 

his tee shot 

into the cup for a hole in one! 
Who is this smiling man—it’s Hild- 
ing Einar Ardahl, Mr. Waukee to 
the automotive industry of Michi- 
gan and hundreds of plants in Ohio. 
One time chief metallurgist for John 
Deere at Waterloo—then plant man- 
ager of a well known alloy foundry, 
here’s a topnotch salesman who 
brings a wealth of background and 
experience to bear on his daily ap- 
proach to customers’ problems. An- 
chor member of the team is secre- 
tary Sadie, who also doubles as 
mother to John and Neal and wife 
to Einar, the name by which our 
man Hilding prefers to be known 
... and known he is—not only for 
an ace on the third at Marysville, 
July 30th, but top service as well 
the other 364 days of the year to 
Waukee customers. R.C.O 


ROTARY-VANE COMPRESSORS 
INDUSTRIAL WASHING MACHINES 
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15 years ago, THE CLEVELAND GRAPHITE BRONZE 
COMPANY, division of CLEVITE CORPORATION, pio- 
neered 60 CYCLE INDUCTION MELTING of bronzes with 
up to 35% lead. Special furnaces developed by AJAX 
for this difficult job are an important element in their 
unique continuous production line for steel-backed 
bronze bearing strip. 60 CYCLE INDUCTION MELTING 
furnaces resulted in substantial improvements and cost 
savings over gas-fired units used earlier for that pur- 
pose. Today, CLEVITE operates six continuous lines in 
this country and abroad with AJAX 60 CYCLE INDUC- 
TION MELTING furnaces, producing enough strip to 
make 130 million bearings and bushings per year. 


Associated Companies: 


60 CYCLE INDUCTION MELTING 
OF HIGH LEADED BRONZES 


ENGINEERING CORPORATION 


TRENTON 7, NEW JERSEY 


60 CYCLE 


The heavy duty 60 cycle inductor developed by AJAX 
and pioneered by CLEVITE will attain a lining life of 
one year with bronzes of substantial lead content. 
Electromagnetic stirring assures uniform alloy and close 
temperature control. Compared to externally fired 
equipment, metal loss savings run into many thousands 
of dollars per year. Recently, several large producers 
of leaded bronze castings converted their foundries en- 
tirely to 60 CYCLE INDUCTION MELTING. 


While this is one of the most difficult metals to handle, 
the advantages of 60 CYCLE INDUCTION MELTING 
stand out today wherever copper alloys are melted. As 
specialists in 60 CYCLE INDUCTION MELTING, we have 
developed furnace types to best fill each application. 


INDUCTION MELTING 


Ajax Electrothermic Corporation 


Ajax Electric Company 
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ture. Applications include measure- 
ment of hydrogen in furnace atmos- 
pheres; and measurement of hydro- 
gen, carbon monoxide and methane 
in mixtures of these three gases with 
air or nitrogen. 

For further information circle No. 1205 
on literature request card, page 48-B. 


Tool Material 

A new ultra-hard  steel-cutting 
tungsten carbide has been announced 
by Allegheny Ludlum Steel Co. CA- 
604 combines high-velocity finishing 
with light to medium feeds. The new 
grade contains titanium and tantalum 
carbide in the form of mixed crystal. 


For further information circle No. 1206 
on literature request card, page 48-B. 


Steam Cleaner 

A new, heavy-duty steam cleaner 
has been announced by Circo Equip- 
ment Co. Automatic controls operate 
the machine; even mixing of the 
cleaning compound is automatic. The 


new units are available in two capac- 
ities: model 275 operates at 1% hp. 
on 110 volts; model 360 at 3 hp. on 
220 volts. Fuel capacity of both is 
15 gal.; soap capacity, 15 gal. of con- 
centrated solution. 


For further information circle No. 1207 
on literature request card, page 48-B. 


Finishing Compounds 

Five new barrel finishing com- 
pounds have been announced by 
Almco Div. of Queen Products, Inc. 
No. 407 is an alkaline, powdered com- 
position used in cleaning, brightening 
and grinding ferrous parts. Super- 
sheen No. 408 is a powdered grinding 
compound with a silica flour base for 
use with all types of metals and 
alloys. No. 410 is an alkaline com- 
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pound designed for light deburring 
and coloring cycles on ferrous metals. 
Supersheen No. 412 is a concentrated 
burnishing compound with tallow and 
oil soap base for use with all steel 
and chip medias on ferrous and non- 
ferrous metals in either submerged 
or standard equipment. 501R is a 
concentrated mild alkaline compound 
for inhibiting rust on ferrous metals. 


For further information circle No. 1208 
on literature request card, page 48-B. 


Annealing Brass Stampings 


A continuous furnace to anneal 
brass stampings between draws has 
been announced by the Waltz Fur- 
nace Co. It is fired by eight gas 
burners with individual mixers. The 


combustion blower, control valve, gas 
regulator and variable drive mech- 
anism are mounted within the casing. 


The temperature control instrument 
is at the left on the loading section. 
Continuous annealing furnaces are 
built in various sizes and for different 
applications. They may be open-fired 
or controlled-atmosphere, full-muffler 
type. 


For further information circle No. 1209 
on literature request card, page 48-B. 


Finishing Barrels 
A new barrel finishing machine has 
been announced by Globe Barrel 


Finishing Equipment Div. of Casalbi 
Co. A one piece pressure-molded rub- 
ber barrel is driven on rollers. The 
cover is aluminum and is detached 
with a few turns of the handle. When 
the handle is locked in position, the 
barrel is watertight. Inside the barre] 
are three integrally molded ribs to 
assist in the agitating of parts. 

For further information circle No. 1210 
on literature request card, page 48-B. 


Spring-Loaded Thermocouples 


Assure Dependable Contact 
Field-Proven By Many Years’ Successful Use 


— 


You always get fast, dependable response from T-E's miniature bayonet 
thermocouples because (1) spring-loaded hot junctions are always held in 


C-C, and C-A. 


tight contact with the measured surface—regardiess of expansion and 
contraction, and (2) the ‘couples themselves are extremely sensitive to 
temperature changes. They are widely used with cylinder heads, ex- 
truders, heat transfer lines and other similar applications. Adapters of 
different lengths permit use of one thermocouple to measure temperatures 
at many different depths. Specially designed, patented, pipe-clamp 
adapters are also available. Bayonet-lock caps provide quick, easy 
removal. Lead connections are supplied straight or with 45° or 90° 
angles. All probes and adapters are of Stainless Steel. Available in 


Write for Bulletin 2-H 


Thermo Electric 


SADDLE BROOK, NEW JERSEY 
In Caneda — THERMO ELECTRIC (Canada) Ltd., Brampton, Ont. 
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When Doubt... 


reach for an ASM technical book 


“THE METAL MOLYBDENUM” 


A new and comprehensive book giving thorough coverage of the meta! 
molybdenum. Includes properties, powder metallurgy, melting, working, 
fabricating, joining, coating and protection against oxidation. Red 
cloth binding—696 pages—-6 x 9—538 illustrations——$12.50. NEW. 


“BASIC METALLURGY—VOLUME II” 


A companion volume to Basic Metallurgy, this expertly organized book 
covers metallurgical equipment and laboratory techniques. Completely 
indexed with 36 pages devoted to widely used charts and data sheets. 
Thoroughly illustrated—232 pages—6 x 9—red cloth binding—$7.50. NEW. 


“MAN, METALS AND MODERN MAGIC” 


A book for everyone interested in metals. Here is the story of metallurgical 
progress through the ages to the challenging problems of science that 
must be solved tomorrow. Enjoyable reading and an ideal gift. Thoroughly 
illustrated—-235  pages—5'%) x 7%—red cloth binding—$2.95. NEW 


“STORY OF THE 2nd WORLD METALLURGICAL CONGRESS” 


Reviews high points of all plenary session talks and gives complete reports 
on special events. 240 pages—vividly illustrated—cloth binding—$5.00. 


ASM METALS 
HANDBOOK 
SUPPLEMENTS 


1954 
Twenty-four design and processing sec 
tions prepared by twenty-two ASM tech 
nical committees. 200 pages—326 illus 
tration, 155 tables, cloth binding ASM 
members, $4.00 non-members, $5.00 


1955 
Comprehensive coverage of twenty-one 
subjects devoted to metals selection, 
application, design, processing, fabri 
cation, testing and inspection. 214 


tables—256 graphs—411 illustrations 
200 pages—cloth binding ASM mem 
bers, $4.00--non-members, $6.00. 


... YOUR SOURCE 
OF METALS INFORMATION 


Please send: 
‘ta Yj _copy(s) of “The Metal Molyb- NAME 
\ \ denum” 
-copy(s) of “Basic Metallurgy STREET 

Vol. II” CITY ZONE STATE 
_copy(s) of “Man, Metals and 
Modern Magic™ COMPANY 
copy(s) of “Story of 2nd 
W.M.C.” ENCLOSED $ BILL ME (J BILL COMPANY |[ 
_copy(s) of “1954 Handbook Check here for free catalog [ 
Supplement” BOOK DEPARTMENT 
_copy(s) of “1955 Handbook MAIL TO: 
Supplement” ' CLEVELAND 3, OHIO 
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COLLOIDAL GRAPHITE, MOLY -SULFIDE, 


VERMICULITE, AND OTHER SOLIDS 


Colloidal graphite increases die life be- 
cause of its stability at high temperatures, 
excellent lubricating qualities, and its 
ability to prevent adhesion and the scrub- 
bing effect of hot metal. This cannot be 
said of conventional petroleum com- 
pounds which either decompose rapidly 
at temperatures above 300°F or do not 
possess the required lubricity necessary 
under good die casting procedures. It will 
not volatilize when in contact with the hot 
metal and cause pock marks due to gas 
formation. It will perform when present 
in extremely thin films which will not 
affect dimensions or cause discoloration 
of the parts being cast. And since it does 
not volatilize or otherwise be destroyed 
in the casting process, it does not need 
to be applied as often as other lubricants. 
This fact alone has often increased pro- 
duction as much as 25°%. Investigate the 
use of an Acheson colloidal dispersion 
in solving your die casting problem .. . 
It probably is the very answer you need. 


ACHESON (Colloids Company 


PORT HURON, MICHIGAN 
A division of Acheson Industries, inc. 


Also Acheson Industries (Europe) Ltd. and affiliates, London, England ame 


Offices in: Boston © Chica 
New York © Phi 
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SUPERIOR CASTINGS, LONGER DIE LIFE 
ATTRIBUTED TO ‘DAG’ DISPERSIONS 


Die casters and molders are expressing a growing preference for Acheson ‘dag’ 
brand colloidal dispersions. The consistent high quality of these products and 
the multiple benefits they offer have obsoleted most other mold cavity coatings 
As outlined below, Acheson dispersions greatly aid in the manufacture of more 
uniformly sound castings having smoother surface finishes, facilitate metal flow 
and parting, and consequently extend the effective service lives of the dies and 
molds on which they are used, 


Acheson ‘Prodag’®, spray-applied on permanent molds at Paragon Aluminum Corporation, 
has given them consistently higher quality castings and fewer rejects. 


Better surface finish with ‘Prodag’ permanent mold coating is just one of the 
reasons why Paragon Aluminum Corporation, a Division of Detroit Harvester 
Company located at Monroe, Michigan, switched to this Acheson product. After 
four years of experimentation with other mold washes, Paragon chose ‘Prodag’ — 
Acheson semi-colloidal graphite in water — and has used it constantly the past 
seven years. The reasons for its choice are these; uniform consistency, excellent 
heat-transfer quality, and its hard, smooth, tenacious film which resists flaking 
and provides easier parting .aracteristics. 
With about 95 per cent of its annual output of more than two million pounds of 
castings going to the automotive industry, Paragon must insist upon quality. 
‘Prodag’ helps to maintain this stan- 
dard. These parts for convertible auto- 
mobile tops are precision-molded from 


both 355 and 319 aluminum alloy. 
Molds are preheated before each day's 
run to 600°F and the casting cycle 
‘ maintains this temperature. The ‘Pro- 
' { dag’ dilution ratio is 1 to 4 parts water 
kal ) as and is applied to the molds with a 
commercial spray gun. Aside from oe- 


casional touchup at points of greatest 
a wear, this coating lasts through the 
entire run. Because of the physical 
contours involved in these compara- 
tively small, light castings, they re- 
quire rapid cooling in certain areas to 
insure uniform strength. The ‘Prodag’ 
coating — with its proven fast heat 
transfer ability — allows the castings 
to cool without breaks or pinholes. And 
by parting more easily, the high-finish 
castings which result have given Para- 
gon Aluminum products wide accept- 
ance in this demanding industry. 


Typical ports cast at Paragon Alumi- 
num include these automobile con- 
vertible top braces. More uniform 
strength, better finish, and fewer re- 
jects result from this company’s use 
of Acheson ‘Prodag’. 


If you have a metal casting problem. 
call in your Acheson Service Engineer. 
Or if you prefer, write direct for addi- 
i] tional information contained in our Bul- 
letin No. 425. Address Dept. MP-128. 


‘dag’ and ‘Prodag’ are trademarks registered in the 
U.S. Patent Office by Acheson Industries, Inc. 


Cleveland Dayton © Detroit Los Angeles Milwaukee 
Iphia ¢ Pittsburgh © Rochester © St. Louis ¢ Toronto 


Reporting uses for 
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COBALT 6O AND THE MATADOR 


Thiokol Chemical Corporation, Utah Division, chose Nuclear Systems’ 
Model 1060 Multitron with a 1,000 curie cobalt 60 source for routine 
radiography of the Matador engine. The radiographs obtained provide 
non-destructive testing information which has greatly increased the 
reliability of the rocket. This unit, along with several others, has been 
used continuously by Thiokol for the inspection of solid propellants 
for over a year. 

Nuclear Systems offers the most complete line of gamma radiog- 
raphy equipment for this and many other applications. 


Call our nearest sales office collect for more information. 


PHILADELPHIA CHICAGO SAN FRANCISCO 


NUCLEAR SYSTEMS, 


(A DIVISION OF THE BUDD COMPANY, Phila: 


ATNALL MEASURING AND NUCLEAR SYS 
HOLLINGER RD. + TORONTO 16,,ONT. 
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How to beef-up your equipment without adding fat 


Build it stronger, tougher and lighter with USS “T-1" Steel. 
This remarkable steel was developed especially to 
meet the needs for bigger tools, stronger equipment, 
larger yet less massive structures. 

USS “T-1" Steel is a low carbon, quenched and 
tempered constructional alloy steel combining weld 
ability and formability with exceptional strength 
and toughness. Because of its high yield strength 
(100,000 psi minimum) you can cut weight safely 
in actual applications, as much as 25°), to 50°, 
weight reductions have been achieved. 

Total costs can frequently be reduced, too. In 
applications such as heavy machinery, rotating 
parts, pressure vessels and bridge members, steel 
costs can be lowered by reduction in cross section 


United States Steel Corporation - Pittsburgh 
Columbia-Geneva Steel - San Francisco 
Tennessee Coal & Iron - Fairfield, Alabama 
United States Steel Supply - Steel Service Centers 
United States Steel Export Company 


Steel can be flame cut, welded, formed, sheared, punched. machined or forged 


and substantial savings experienced in welding, 
maintenance, freight and erection costs 

Also, in equipment subjected to impact abrasion, 
USS “T-1” Steel pays off. Users report service life 
increases ranging from 25°, to 100°,—or more. 
Power shovel buckets, bulldozer blades, coal and 
ore bins .. . all cost less in the end when made of 
“T-1" Steel because they last longer, cost less to 
maintain. 
Write for free book. The many advantages, applica 
tions and cost-saving features of this versatile steel 
are completely described in our book USS “T-1.” 
United States Steel, 525 William Penn Place, Pitts 
burgh 30, Pennsylvania. 

USS and “‘T-1"" are registered trademarks 


United States Steel 
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Why cyclotron magnet frames 
are made from forgings 


Man is in a desperate race to learn more about 
magnetics. One famous acres-big cyclotron could 
be reduced to the size of a steamer trunk if they 
could only find a way to increase the magnetic 
field strength by 20 times. And already we see 
evidence that very strong magnetic fields may hold 
the secret to one of man’s most sought-after 
dreams: sustained nuclear fusion power generation. 

But when you double the strength of a magnetic 
field, the energy density or pressure increases 
fourfold. A not-uncommon 50,000 gauss magnetic 
field exerts a pressure of about 1,400 psi; but 
other laboratory experiments have already created 
fields of 12 million gauss for a few microseconds, 
and they confidently expect to hit 1/0 million 
gauss before long! 

To contain the fantastic forces, designers of 
very large electromagnets turn to high-quality 
forged steel parts, and they very often come to 
United States Steel to ask for USS Quality Forgings. 

The picture shows a cyclotron electromagnet 
frame that will go into service at Oak Ridge 


United States Steel Corporation — Pittsburgh 
Columbia-Geneva Steel —- San Francisco 
Tennessee Coal & Iron — Fairfield, Alabama 
United States Steel Export Company 


(iss) United States Steel 


National Laboratory, Oak Ridge, Tennessee. It 
is made from six USS Quality Forgings that total 
193 tons including the two cylindrical pole pieces. 
The pole pieces are machined to a .005” flatness, 
and are parallel to within .005". These tolerances 
are essential for close control over the bombarding 
particle beam—which often operates at velocities 
which approach 50,000 miles per second. All six 
forgings were melted, forged, machined, heat- 
treated and inspected right at our Homestead 
Forgings Division, and we also furnished all dowels 
(4'" in diameter), nuts, bolts and lifting eyes. 

Many cyclotron and nuclear reactor parts are 
made from USS Quality Forgings because buyers 
have learned that they are made from the finest 
steel, on the most modern equipment, by the most 
skilled forging men in all the world. No matter 
what kind or size of USS Quality Forgings you 
buy, you get the advantage of these same facilities. 
Please address inquiries or requests for our free 
forgings booklet to United States Steel, 525 
William Penn Place, Pittsburgh 30, Pa. 


USS is a registered tradeniart 
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: Vertical pit-type carburizing furnace (9’ x 24’) lined with an insulating castable refractory made with LUMNITE cement. Operating temperature to 
Bh 1800° F. Badal! Engineering & Manufacturing Co., Hammond, Ind. Castable used: “‘Kast-O-Lite,” product of A. P. Green Fire Brick Co., Mexico, Mo 


“... withstands thermal shock...reduces heat loss,” 


says Fred F. Badaili, Badal! Engineering & Manufacturing Co. 


e Refractory concrete linings (made with LUMNITE calcium- 
aluminate cement and selected aggregates) resist furnace 
ao temperatures to 2600° F .. . protect against thermal shock 
J due to heating-cooling cycles . . . provide insulation. 
e Construction is fast, easy, economical. Linings can be cast in 
place, troweled or “gunited”’ . . . service strength is 
reached in 24 hours. 
ce For maximum convenience, use castables made with LUMNITE 
cement. These are packaged mixtures, ready for use. Just add 
water, mix and place. Made and distributed by leading 


pie manufacturers of refractories. 
For literature on refractory concrete, write: 1 
Universal Atlas, 100 Park Avenue, New York 17, N. Y. Universal Atlas Cement 
**LUMNITE” is the registered trade-mark of the calcium-alumimate | 
cement manufactured by Universal Atlas Division of United States Steel 


TRADE MARK 


L-166 


OFFICES: Albany - Birmingham . Boston - Chicago - Dayton » Kansas City « Milwaukee » Minneapolis » New York « Philadelphia « Pittsburgh « St. Louis « Waco 
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Specification 


we 


Available guaranteed to special close tolerances 


for precision laboratory and research work 


Hoskins standard grade Chromel-Alumel thermocouple 
alloys for industrial heat treating applications are uncon- 
ditionally guaranteed to register true temperature — e.m.f. 
values within +4° F. from 32° to 530° F., and within 
+%4% at temperatures from 531° up to 2300° F. For 
precision laboratory and research work, however, 
Chromel-Alumel is available under specification #3-G-170 
in suitable selected wire sizes guaranteed to the special 
close tolerances shown in the table at right. Or, under 
specification #3-G-178, they are also offered in sizes 
from 2 through 40 gauge guaranteed to one-half the 
standard grade tolerance in the range from 1050° F. to 
maximum recommended operating temperatures. 


CHROMEL-ALUMEL — SPECIFICATION #3-G-170 
Wire Size | Temp. Range | Tolerance 


18, 20, 22 gauge 1000°—2000° F. +5° F. 
24 and 28 gauge 1000°—1600° F. +5° F. 
30 thru 40 gauge 1000°—1 400° F. +5°F, 


Ask for them by name! Your instrument manufacturer 
or pyrometer service company can supply your needs 
for bare or insulated wire and assembled couples — plus 
Chromel-Alumel extension lead wire to eliminate “cold- 
end” errors. Wires are available, too, direct from factory 
stocks — so ask for them by name. “Chromel-Alumel” 
thermocouple wire — trade names you can trust! ~ 


Chromel-Alumel thermocouple alloys are produced exclusively by 


HOSKINS MANUFACTURING CO. 


4445 LAWTON AVE. + DETROIT 8, MICHIGAN + PHONE TYler 5-2860 
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Joseph Smilnak views a radiograph made with Du Pont Film 


“The consistent quality of Du Pont X-Ray Film 


States Joseph A. Smilnak, Industrial X-ray Engineer, 
Smith X-ray and Research Company, Ferndale, Michigan 


Du Pont Type 506 and Type 510 Industrial X-ray 
Films have the necessary speed, latitude and fine 
detail to permit the “sandwich” technique for in- 
spection of complex parts for military use, Mr. 
Smilnak tells us. 


“We use this technique when we inspect parts 
that have both thick and thin sections in the same 
area,” he says. “With Du Pont 506 and 510, a fast 
and slow film respectively, quality is so consistent 
that we can radiograph the complete area in a single 
exposure. With both films together in one holder, 
the thick sections record accurately on the 506 film 
... the thin on the 510. 


u. 5. pat. OFF 


Better Things for Better Living . . . through Chemistry 


: gives us faster, more efficient inspection 


“If films of this quality were not available,” 
Mr. Smilnak continues, “inspection of these parts 
would take twice the time, with two separate ex- | 
posures—not counting the added processing and 
handling time. 


“So you see why we use Du Pont film. It makes 
possible two real benefits—speed and efficiency.” 


* * * 


If you'd like to get these benefits for yourself 
and you require film of the finest, most consistent 
quality, order Du Pont X-ray Film. For more in- 
formation and technical data, write Du Pont Photo 
Products Department, 2432-A Nemours Bui'ding, 
Wilmington 98, Delaware. In Canada: Du Pont 
Company of Canada (1956) Limited, Toronto. 
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MUELLER BRASS CO. forged gears 


improve dependability and performance 
of BODINE electric motors 


For combined high shear strength and maximum wear life in their single and double reduction speed reducer 
motors, Bodine Electric Company of Chicago uses gears forged from Mueller Brass Co. 603 Alloy. 


Bodine has specified Mueller Brass Co. forged geor blanks because of their consistently high quality .. . there 
is no porosity, foreign inclusions or defects typical of cast blanks. The hot working of the metal followed by heat 
treatment to the desired physical properties produces a refined grain structure to give uniform machining and 
wear in service. The forged blanks are consistent in size and held to close tolerances. Bodine has also found that 
the excellent machinability of the blanks in the hobbing operation increases overall hob life. 


For forgings of high tensile strength, high density, minimum porosity, light weight, corrosion resistance, good 
machinability and low costs with little scrap loss, it pays to specify forgings from the Mueller Brass Co., the 
world’s largest producer of brass, bronze 

and aluminum forgings. 


only the man from 


Mueller Brass Co. 


can offer unbiased advice on 
the “one best way" of pro- 
ducing your parts, because 
Mueller Brass Co. is the only COLD-PREST 

fabricator in the country offer- ’ FORMED COPPER TUBE IMPACT EXTRUSIONS 
ing all these methods of pro- 


duction . . . assuring you the 
best product at the best price 
. . made the one best way. 


SCREW MACHINE POWDER METAL RED BRASS 
PRODUCTS PARTS CASTINGS 


Also producers of: Super Cutting Red Tip Brass Rod * Aluminum Ex.rusions Aluminum 


Write today for complete cato- Sheet, Coil and Strip + Plastic Pipe ond Fittings * Copper Tube ond Solder Type Fittings « 


logs on ony of these products. 


MUELLER BRASS co. PORT HURON 28, MICHIGAN 
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A dividing) wall separates 
the oscillator section (shown 
aterignt)> from the; power 
supply section (shown, below). 
Door interlock switches are 
uséd on all access panéls. 


New type,! extra- 
rugged duty low 


a All components are readily 
agcessible and arranged for 
easy maintenance. bsbecial | 
— With thts-variable 
output RF transformer, rugge uptria 
output can be varied 
under load from 30% 
to 100 ting b 
it tating by yoltage regulated 
positioning one dial. ofl nbminal 
Simplified; high KVA and 3% over a 
rated tank circuit 27% line supply 
includes vacuum variation, and 
capacitors for lowest urrent | limited 
possible power loss. 
. Cabinet air is cooled by Filaments also 
water heat exchanger repeive the dame 
~~and blower, Air and regulated supply, 
water temperatures are Thig—ingures 
thermostat controlled, tube- 
- ife 
Hare-ts, the 3OKW Cincinnati 
Inductron > operates at frequencies. 
| Of Approx.) built 
TSKW and SOKW capacities. compact 
sé) f-contained; jone 
— 
06 
Thé CINCINNATI” INDUCTRON | 
has the design that provides 
oF | for Kighest operating | 
i efficiency + maximum 
lad i life easiest.) lowest+cost 
+ full wave All controls are panel) 
pridge}-rectifier mounted, | providing 
uses access for inspection 
—-industrial-type, and maintenance: 
~-heavy Controls provide a more 
mercury vapor complete cross-section 
rectifier tubes. indication of the 
,Tubes- operation of the circult 
~-arranged for than other induction 
even; heater in field. | 
Complete! d 
epnoapstlation uc ron 
and dirt, plus 
ama ic 
windings,;-and 
even; forded- 
ait-copling, META-DYNAMICS DIVISION 
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Machines for Metal Forming and Heat Treating 


THE CINCINNATI MILLING co. 
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1211. Alloy Steel 

208-page book gives more than 50 com- 
plete case histories of alloy steel usage. 
Climax Molybdenum Div. 
1212. Alloy Steel 

40-page book on applications of heat 


treated, special alloy steel. Jones & 
Laughlin 
1213. Alloy Steel 


68-page “Aircraft Steels” includes re- 
vieod, suilitery specifications. Also stock 
list. Ryerson 


1214. Alloy Steels 
New 20-page booklet describes three 
high-strength, low-alloy steels. Mechani- 
a characteristics and applications of 
each. Kaiser Steel Corp. 


1215. Alloy Tubing 
New data book on small precision alloy 
tubing. It covers drawing, annealing, 


finishing and testing. Properties, applica- 
tions. Precision Tube Co. 


1216. Aluminum Alloys 

File on high-strength aluminum alloys 
gives advantages, applications, properties. 
Frontier Bronze Corp. 


1217. Aluminum Die Castings 
Bulletin on design and manufacture of 
aluminum die castings. Hoover Co. 


1218. Aluminum Extrusions 
Folder lists alloys used, finishes, trade 
phraseology. General Extrusions 


1219. Aluminum Extrusions 
Catalog of extrusion dies in stock. Jarl 
Extrusions 


1220. Ammonia 

6 and 4-page bulletins on ammonia 
storage units and nitrogen generator. 
Hamler Industries, Inc. 


1221. Ammonia 

New 69-page data book on anhydrous 
ammonia and ammonia liquor. Chemical 
and physical properties, specifications, 
analytical pr ures, bibliography. Nitro- 
gen Div. 


1222. Ammonia Dissociators 

Data on Drever ammonia dissociators. 
Also nitriding, tempering, carburizing, 
and salt bath units. W. H. Kay Co. 


1223. Atmospheres 

Bulletin on liquid metal systems inert 
as purifiers, and furnaces with ultra 
Figh purity inert atmospheres. Liquid 
Metals, Inc. 

1224. Austempering 

Bulletin No. 167 on mechanized salt 


bath installation for continuous heat 
treatment of farm tools. Ajax Electric 


1225. Barrel Cleaning 


Data sheet on Model RD/2 barrel ma- 
chine for deburring, descaling, burnish- 
ing, polishing. Size and capacity. Casalbi 


1226. Bimetal Applications 
44-page booklet, “Successful Applica- 
tions 


Thermostatic Bimetal”, contains 


DECEMBER 1958 


new 
literature 


uses, formulas, calculations. W. M. Chace 


1227. Blast Cleaning, 

Complete information on Malleabrasive 
for cleaning and finishing. Globe Steel 
Abrasive 


1228. Boron Stainless 


8-page booklet on composition, struc- 
ture, corrosion resistance, welding and 
mechanical properties of 1% boron stain- 
less steel. Superior Steel 


1229. Brass Wire 

10-page booklet gives properties, fin- 
ishes, chemistry of extruded cold head- 
ing brass and copper wire. Chase 


1230. Burner 

New Bulletin 109 on combination gas 
and oil burners. Description and output 
data. Thermal Research & Engineering 


1231. Burners 

Buzzer Catalog No. 1570 describes in- 
dustrial gas burners, furnaces and acces- 
sories for heat treating, metal melting, 
soldering and drying arles A. Hones 


1232. Calibration 

New Bulletin 169 on calibrating and 
weighing system. Advantages, construc- 
tion, operation, specifications. Morehouse 
Machine 


1233. Carbon Brick 

Bulletin on properties, grades, applica- 
tions of carbon and graphite brick for 
handling corrosive chemicals and molten 
metals. National Carbon 


1234. Carbon Monoxide 


Analyzers 
New brochures on carbon monoxide 
analyzers and self-contained combustible 
gas alarm. Applications. Mine Safety Ap- 
pliances 


1235. Carbonitriding 

Bulletin 241 on gas-fired radiant-tube 
furnace for carbonitriding and other 
heat treating. Lindberg Engineering 


1236. Castings 

12-page bulletin on ArmaSteel castings. 
Properties, applications, machinability 
and heat treating. Central Foundry Div. 


1237. Ceramics 

4-page bulletin D2-56 on physical prop- 
erties of 10 industrial ceramics. Fabrica- 
tion methods and important service fea- 
tures. McDanel Refractory Porcelain 


1238. Chemicals 

22-page bulletin on industrial chemi- 
cals lists those available and illustrates 
their manufacture and testing. Harshaw 
Scientific 


1239. Chromate Finishing 

File on chromate conversion coatings 
for prevention of corrosion and paint- 
base treatment nonferrous metals. 
Allied Research Products 


1240. Chromium Plating 
4-page bulletin on new “crack-free” 
chromium plating process. Metal & 
Thermit 


1241. Cleaning Compound 
Bulletin B-6 on water displacing com- 
und for — unspotted, dry sur- 

aces. Apothecaries Hall 


1242. Coated Metals 


Bulletin on roll coating shows how it 
is done and includes samples. Roll Coater 


1243. Coating 
New 12-page booklet 258 on Kanigen, 
chemically deposited nickel alloy coating. 
Heat treating curves, corrosion studies. 
General American Transportation 


1244. Coatings 

Bulletin gives uses of various conver- 
sion coatings for zinc and cadmium. 
Chemical Corp. 


1245. Coatings 

New 8-page engineering data Bulletin 
136A on wire and powder sprayed coat- 
ings of metals. Basic characteristics. Me- 
chanical and electrical-electronic applica- 
tions. Metallizing Engineering Co. 


1246. Compressors 

New 12-page Bulletin 126-B on applica- 
tion of turbo compressors to oil aul gas- 
fired equipment used in heat treating, 
agitation, cooling, drying. Performance 
curves, capacities. Spencer Turbine 


1247. Copper Alloys 


24-page manual on alloys in rod form. 


Typical parts. Specifications covering 
alloys described. Mueller Brass 
1248. Corrosion-Proof 
Equipment 

Bulletins on corrosion-proof tanks, ven- 
tilating equipment, agitators, baskets. 
Heil Process Equipment 
1249. Corrosion Resistance 


20-page bulletin on copper alloys for 
corrosion resistance. Table gives use with 
150 media. Ampco 


1250. Cutting Oil 


New folder describing nine types of 
rr oils for varied applications. Gulf 
i 


1251. Cutting Tools 

36-page booklet analyzes and compares 
carbon, high speed, cast alloy and carbide 
tool materials. Allegheny Ludlum 


1252. Degreasers 


Folder on vapor and solvent degreasers 


describes equipment and advantages. 
Randall Mfg 
1253. Drawing Dies 


12-page bulletin on turks head, adjust- 
able draw die. Basic types. development 
of turks head. Fenn Mfg 


1254. Dryer 

New Bulletin 130 describes aero after- 
cooler for vomoveng moisture from com- 
pressed air anc . Application of equip- 
ment. Niagara Sewer Co. 
1255. Ductile Vanadium 

New brochure on high purity vanadium 
— Properties, applications. Vanadium 


1256. Electric Furnace 

New Bulletin 5711B on conveyor heat 
treating furnace. Design specifications, 
components and control equipment. Heat 
control curves. C. I. Hayes 


1257. Electric Furnaces 

Catalog on electric furnaces and ovens 
for hardening, tempering, annealing, 
drawing. drying, baking, enameling. 
Cooley Electric Mfg. 


1258. Electric Furnaces 

Data sheet describes and gives specifi- 
cations of standard nonmetallic resistor 
furnaces. Harrop Electric Furnace Div. 


1259. Electric Furnaces 
Bulletin on electric heat treating fur- 
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Introducing Allied’s 


New Clear Protective Coating for 
All Metals ...as safe and easy to 


handle as Water! 


New method of protection incorporates corrosion inhibitors in a water- 


soluble polymer base. Dries to an extremely thin, tough, durable coating— 
clear in color. Does not chemically affect base metal or any post-treatments. 


Allied’s new Irilac #1000 is a concen- 
trated solution of a water-soluble 
polymer with built-in complex corro- 
sion inhibiting materials. It was de- 
veloped to answer the needs of the 
metalworking industry for a _ non- 
conversion process that will provide 
corrosion resistance and resistance to 
fingerprinting and abrasion on base 
metals and electrochemically or chemi- 
cally finished surfaces—without chang- 
ing the appearance of the metallic 
surface. 


There are no hazards involved—Irilac 
is non-fuming, non-toxic, and requires 
no special fire prevention measures. 


THE PROCESS 


Irilac #1000 is diluted with water to 
provide a simple one-pass working solu- 
tion. It is then applied by dip, brush or 
spray and forms a coating that quickly 
bonds to the metal surface without re- 
acting with the surface. 


THE PROPERTIES 


The resulting coating is clear, trans- 
parent, thin yet durable. It has excel- 
lent water-resistant properties, and can 
be rubbed, handled and subjected to 
rough treatment. The surface to which 
Irilac has been applied is not altered— 
in fact, the transparent coating brings 
full tone to colored surfaces and clarity 
to iridescent surfaces. The water-thin 
physical characteristic of the solution 
means that the coating provides pro- 


Used as a protective treatment alone or to enhance value of post-treatments. 


tection in recessed areas that are 
difficult, if not impossible, to protect 
with other methods. 


STEEL PANELS: bore (left) ond coated with 
Irilac (right) after 8-hour salt spray. 


ALUMINUM PANELS: bare (left) and cooted 
with Irilac (right) after 168-hour salt spray. 


WHERE IRILAC CAN 
BE USED 


Irilac #1000 can be applied to any 
metal—wet or dry—treated or un- 
treated. All metals can be processed in 
one operation in the same solution. It 
can be applied in conjunction with any 
process—over Iridite, anodized, phos- 
phated surfaces, black oxide, etc. Sur- 
faces treated with Irilac provide a good 
base for paint. 


Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET 
BALTIMORE 5, MARYLAND 


APPLICATION 
ADVANTAGES 


No other process or material available 
for the protection of metals offers all 
the application advantages found in 
new Irilac # 1000: 


] | It can be applied to any clean metal simply 
by dip, brush or spray. No special equip- 
ment is required. 


2 Saves time—just apply and dry—no re- 
action time required. 


3 No hazards involved—no exhaust or 
special fire protection equipment is re- 
quired. Irilac is non-fuming and non-toxic. 


4 Soves space. Presents no disposal problem. 
Low in first and final costs. 


Because of its versatility and complete 
safety, Irilac has unlimited uses. For 
example, it will protect aluminum 
furniture, brass hardware and fixtures, 
steel parts of all types, zinc castings, 
etc. In fact, any base metal or plated 
surface, or those treated with electro- 
lytic or chemical post-treatments, can 
be improved or enhanced with Irilac. 


IRILAC #1000 MAY BE 


THE ANSWER TO YOUR 
PROTECTION PROBLEM 


Our development staff will be glad to work 
with you to determine the significant bene- 
fits Irilac can offer you. Simpiy send us some 
parts and let us show you whet Irilac can 
do. No obligation, of course. 


Manufacturers of IRIDITE®, IRILAC'™ , ARP® Brighteners and 


Plating Chemicals — West Coast Licensee: L. H. Butcher Co. 
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naces gives summary of progress in fur- 
nace developments. Holcroft 


1260. Electric Furnaces 

8-page Bulletin 570 on heat treating, 
melting, metallurgical tube, research and 
sintering furnaces. Custom designs for 
special requirements. Pereny 


1261. Electrodes 

New 12-page Bulletin No. MW-222 on 
hard surfacing electrodes and wire 
Checklist of uses with various types of 
welding equipment. A. O. Smith Corp. 


1262. Electron Microscopy 
4-page bulletin on specimen prepara- 
tion for electron microscopy. RCA 


1263. 


Environmental 


Chambers 
New 28-page booklet on testing cham- 
ber simulating atmospheric conditions. 
Charts, technical data, applications. Web- 
ber Mfg. Co., Ine. 


1264. Finishing 
New 20-page booklet on  tumblin 
media for barrel finishing. Types o 


abrasive, ee. sizes and functions 
of barrels. Job analysis. Electro Minerals 
Div., Carborundum 


1265. Flow Meters 


Bulletin 203 on flow meters for gas 
used in heat treating. Waukee Eng’g. 


1266. Forging Materials 

New 16-page booklet describes forging 
materials im aircraft and missile struc- 
tural parts. 11 charts compare physical 
properties. Steel Improvement & Forge 


1267. Forgings 
Two bulletins on upset forging process, 


advantages of upset forging, quotation 
specifications. Champion Rivet 


1268. Forgings 
Folder on facilities for production of 
flat-die forged products. Electronic 


equipment used. Smith-Armstrong 


1269. Formed Shapes 

26-page catalog No. 1555 contains draw- 
ings and diménsions of more than 100 
shapes. Roll Formed Products Co. 


1270. Freezer 


Data on chest for use down to 
for production and testing. Revco 


1271. Furnace 

6-page Bulletin No. 805 on laboratory 
vacuum furnace. Specifications, applica- 
tions, accessories. Kinney Mfg. 


1272. Furnace 

4-page bulletin KM-570 on Karbo-Matic 
automatic furnace for hardening, car- 
bonitriding or aa. Operation 
Heating elements. Pacific Scientific 


1273. Furnace Belts 

44-page catalog describes metal belts 
for quenching, tempering, carburizing 
and other ae Ashworth Bros 


1274. Furnace Fixtures 
Bulletin 111 on cast Ni-Cr fixtures for 
gas carburizing. Fahralloy 


1275. Furnace Fixtures 

16-page catalog on baskets, trays, fix- 
tures and carburizing boxes for heat 
treating. 66 designs. Stanwood 


1276. Furnaces 


6-page folder on gas-fired, oil-fired and 
electric furnaces. Typical installations. 
Electric Furnace Co. 


1277. Furnaces 


New Bulletin 357 on conveyor and 
pusher furnaces for continuous produc- 


95° F 


ANHYDROUS AMMONIA 
99.9957 Pure 


Offered by: 


HAMLER INDUSTRIES, INC. 


In addition to the purest ammonia, Hamler offers you the safest 


and most dependable storage systems. 


Years of experience 


and constant effort for improvement have resulted in the finest 


equipment available. 


Hamler is ready, willing and able to help you plan to avoid 
costly shutdowns due to impure ammonia or malfunctioning 


equipment. 


Safety and dependability are the watchwords at Hamler. 


Call Hamler for the best. 


Hamler Can Save You Money 
Find out how—Call or write 


HAMLER INDUSTRIES, INC. 


6025 W. 66th Street 


Detroit Pi 
6560 Cass Avenue 


P. O. Box 169 


Chicago 38, Illinois 


h Cleveland 
3537 Lee Road 


Carnegie, Pa. 


BULK STATIONS AND TANK TRUCK DELIVERY IN 
CHICAGO, CLEVELAND, DAYTON, DETROIT, PITTSBURGH 
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PLAST-IRON 
POWDERS 


NEW 


Grade B-280 


Reduced Iron Powder - 80 
One pressing at 30 TSI 
One sinter at 
2050°F-30M 
27,500 PSI Tensil 
68,500 PSI Modulus 
Rockwell 85H 


Add 7°/, Copper 
40,500 PSI Tensil 
77,500 PSI Modulus 
Rockwell 50B 


TALS 


2958 


JOHNSTOWN, PA. 
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MACHINES 


ROLL FORMING 


RECOILERS 


MAKES THEM ALL 


...Complete equipment lines 
for heavy or light production! 


Uncoilers, slitters, roll-forming 
machines, cut-offs, pipe and tube 
mills, special machinery for fer- 
rous or non-ferrous metals are all 
made and engineered by Yoder to 
fit your specific requirements. 


Special attachments and auxiliary 
units can perform additional oper- 
ations such as welding, coiling, 
punching or embossing without 
extra labor cost while increasing 
production speed. 


Let Yoder engineering and “know- 
how” help you get the most from 
your plant... with Yoder equip- 
ment. For full details, write to: 


THE YODER COMPANY 


5595 Waiworth Ave. + Cleveland 2, Ohio 


SLITTERS 


4) 
UNCOIL 


PIPE AND TUBE MILLS (ferrous or non-ferrous) 


COLD ROLL FORMING MACHINES 
ROTARY SLITTING LINES 


METAL PROGRESS 
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tion with precise control. Temperature 
ranges from 400 to 2600°F. Hevi Duty 
Electric 


1278. Furnaces 

_ New 8-page Bulletin 70 on metal melt- 
ing and heating equipment. Design, melt- 
ing performance table. Inductotherm 


1279. Furnaces 

New brochure describing heating, 
and laboratory fur- 
naces. L Mfg. Co. 


1280. Furnaces 

Data on line of melting, heating and 
heat treating furnaces for ferrous and 
nonferrous metals. Loftus Engineering 


1281. Furnaces 

New 12-page catalog on electric heat 
treating furnaces. Data on each of 57 
models. Controls, instruments, elements 
and accessories. Lucifer Furnaces, Inc. 


1282. Furnaces 
Lists of surplus furnaces for sale. Joe 
Martin Co. 


1283. Furnaces 

New 8-page Folder SC-175 describing 
wide range of industrial furnaces. Sur- 
face Combustion 


1284. Furnaces 

New Bulletin 200 describes complete 
setup for heat treatment of small tools, 
including draw furnace, quench tank and 
high temperature furnace. Waltz Furnace 


1285. Gold Plating 

8-page paper gives bath composition, 
equipment and operating conditions, and 
metallurgical characteristics of 24K gold 
plate on various base metals. Sel-Rex 


1286. ye. 

20-page brochure significance of 
graphite as electrodes, anodes, molds, and 
specialties in electrometallurgy and elec- 
trochemistry. Great Lakes Carbon 


1287. Graphite 

4-page catalog section S-5050 on im- 
ervious graphite and resin-base cements 
te corrosive service. 2-page table gives 
recommendations for commercial appli- 
cations. National Carbon 


1288. Graphite 

Folder on graphite crucibles, funnels, 
and special preformed electrodes. High- 
purity powder. United Carbon Products 


1289. Gripping Fixtures 

New bulletin on line of gripping fix- 
tures for use in tension, compression, 
transverse or shear to test any material. 
W. C. Dillon 


1290. Hardness Tester 


20-page book on hardness testing by 
Rockwell method. Clark Instrument 


1291. Hardness Tester 

Bulletin A-16 on micro-reflex hardness 
testers. Loads to 3000 gr. Zeiss optical 
system. Gries Industries, Inc. 


1292. Hardness Tester 
Bulletin on Brinell tester with test head 
for deep and offset testing. King Tester 


1293. Hardness Tester 

4-page bulletin on air-operated Brinell 
metal hardness tester. Operating prin- 
ciples, specifications. Tinius Olsen 


1294. Hardness Tester 

Catalog 505 on Frank hardness tester 
for Rockwell B and C, Brinell and Vick- 
ers hardness tests. Opto-Metric Tools 


1295. Hardness Tester 

Data on hardness testing scleroscope 
with equivalent Brinell and Rockwell C 
numbers. Shore Instrument 


1296. Hardness Testers 

Folder on portable hardness os for 
testing of various sizes, shapes and types 
of metal. Newage Industries 
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tube life extended up to 100%. 
bends are of same metal and thickness as the 
legs. The continuously smooth walls result 
in uniform flow of gas, and reduce the car- 
bon build-up and bend burn-out, which com- 
monly result from the rough interiors of 
cast alloy bends. Lighter than cast by 33 
to 50%, PSC radiant tubes cost less in- 


itially. Any size, shape or alloy. 


Send for Heat -Theat Catalog 


PSC’s All-Sheet Construction 
Adds to Furnace Tube Life 


Experience of users shows much lower frequency of burn-out, with 


In PSC tubes, precision-welded 


machine with 
“A GOOD 

RECORD as a 
REVENUE 

PRODUCER” 


A typical case of using a Niagara Aero 
Heat Exchanger to provide cooling 
for production equipment shows 
amortization of this machine in 16 
months and $90 per day revenue 
thereafter. 

Industrial engineers with careful 
cost, upkeep and revenue records on 
all machines, credit Niagara Aero Heat 
Exchangers with important gains over 
other methods. 

They use these machines to provide 
cooling for production equipment, 
welders, extruders, drawing dies, fur- 


naces, quench baths, plating, chemical 
and electronic process...all millwater 
system uses. 

They get positive control of critical 
process temperatures with improved 
product quality, rejection losses pre- 
vented. Heat is removed at the rate of 
in-put. 

closed system, dirt free prevents 
all troubles hen bad water; transfer- 
ring heat to the atmosphere by the 
evaporation of avery small amount of 
water solves all guobleme of water sup- 
ply or disposal. 


Write for Bulletins 120, 135 


NIAGARA BLOWER COMPANY 


Dept. MP-12, 405 Lexington Ave., New York 17,N.Y. 


Niagara District Engineers in Principal Cities of U. S. and Canada 


T 
| 
THE PRESSED STEEL CO. Wilkes-Barre, Pa. 
i 
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gives you design insurance 
on parts like this 
jet engine ring 


= This design calls for a high temperature alloy bar to be bent and 
flash-welded into a ring. When it is machined to cross section, 
“_ as much as 40% of the metal is machined away. 
‘ In a part like this, you really end up with nothing more than 
; the core of the bar with which you start . . . 
y which was once the core of an ingot. 


That is why, in almost every case, poor service or high reject rates 
in parts like this can be traced to inconsistency in the ingot. 

You get a good part only when the steel ingot itself 

is consistent through the core all along the centerline. 

That's what MEL-TROL gives you. 


MEL-TROL achieves greater uniformity in ingots than any other 
known system of steelmaking today. It is a process combining an 
exclusive, patented ingot mold design with an integrated system 
of quality controls. The result is the most complete freedom 
from variation in toughness and strength between 

surface material and the ingot core ever attained 

in commercially available high temperature alloys. 


Mechanical properties at both room and elevated temperatures 
are also more consistent than in conventionally made alloys. When 
you specify MEL-TROL alloys, you're specifying—and insuring— 
the best performance you can put into high temperature parts. 
The Carpenter Steel Company, 133 W. Bern Street, Reading, Pa. 


The Carpenter Stee! Company 

Main Office and Mills, Reading, Pa. 

Alloy Tube Division, Union, N. J. 

Webb Wire Division, New Brunswick, N. J. 
Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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1297. Hardness Testers 

20-page Catalog DH-325 on normal ; 
hardness testing. Applications, advan- ; 
tages, accessories. Wilson Mechanical In- 
strument Div. 


1298. Heat Treat Pots 

Catalog on pressed steel pots for lead, 
salt, cyanide, oil tempering and metal 
melting Eclipse Industrial Combustion 


1299. Heat Treat Pots 

6-page folder gives stock shapes and 
sizes. Tips on installation and use. Elec- 
tro-Alloys Div. 


f 
INDUSTRIAL 4 
EQUIPMENT 
BURNERS & FURNACES (Heat Treating, Melting, Soldering) 


NO BLOWER OR OTHER POWER NEEDED 


. . » just connect to gas supply! 


Outstanding service since 1°9!1! Each 


« unit, with the famous “BUZZEF’ Venturi, 
Treating te 2 delivers the hottest, quichest heat 
Meat lreat Review, Vo NO. COon- attainable without a blower. “ull range 
tains article on “walking beam” furnace , control of heat and turn-down pobre 
and discussion of modern brazing equip- }" or specials available for manufactured, 
ment. Surface Combustion ' natural or liquefied gas applications. 
1301. Heat Treating 
Monthly bulletin on used heat treating 
and plating equipment available for im- 
mediate delivery. Metal Treating Equip- | 
ment Exchange HIGH SPEED FULL ; 
MUFFLE FUR- 
1302. Heat Treating NACES, Bench Type 
Equipment for heat treating 
New bulletin on formed and welded ; a speed and 
alloy heat treating furnace fabrications. alloy steels — : 
Alloy Engineering Co. —_—e to | 
ane ARGE F 
1303. Heat Treating for hast testing of 
“quipment pieces — temperatures to 2000° F 
New brochure on complete line of heat 
treat baskets and custom designed heat Ge 
treat fixtures. Bix Co. 4 


1304. Heat Treating Fixtures WRITE POR NEW CATALOGS 


24-page catalog on heat and corrosion- 


resistant equipment for heat treating and Ps 
chemical processing. 30 classifications of =) 
equipment. Pressed Steel e 
123 S. Grand Avenue, Baldwin, L. 1., New York « BAldwin 3-1110 


1305. Heat Treating Fixtures ” 

32-page Catalog G-10A lists process , 
equipment, heavy welded fabrications, 
muffles, trays, fixtures for furnaces, heat 
treating equipment, pickling equipment. 
Rolock 


1306. Heat Treating Fixtures 

New 16-page Catalog M-7 on heat treat- 
ing and corrosion resistant alloy fabrica- 
tions. Wiretex Mfg. Co. 


1307. Heat Treating Furnaces 
Folder on industrial furnaces. Continu- 
ous designs. Insulation. Pacific Industrial 


1308. Heat Treating Supplies 
Data sheets on carburizing, hardening, 

tempering, nitriding salts, metal cleaning 

and rust prevention materials. Heatbath 


1309. Heat Treatment 

Bulletin 200 on car hearth, rotary 
hearth, pit, roller hearth, belt, chain, 
and “hi-head” furnaces. R- 
wrnece About Hardness Testing 
1310. Heaters 


, New 52-page Booklet GEC-10051 on Everything you need to know about 
electric eaters anc eating evices. : . . 
hardness testing is told in this handsome 
General Electric Co. book, prepared by the makers of the 
Bulletin on immersion heaters for elec- riardness icsters for Rockwell Test- 
troplating solutions. Glo-Quartz ing. Simple, easy-to-read text (in 
1312. Heaters English) and numerous illustrations show the equipment 
New Bulletin L-1244 on Ceceien stud ra = for fast, accurate hardness testing of ferrous 
heaters. How to use and table of sizes, and non-ferrous materials. If you would like a copy, free of 
ratings and Edwin Wiegand Co. charge, just attach this ad te your ex 
1313. High-Alloy Castings Send book.” A copy will be mailed to you promptly. 
promptly 
16-page bulletin, No. 3354-G, gives engi- F 
pourang i.) CA, P.S. If you are interested in descriptions and prices for 
sistin, mpera - 
oa gn hy Se: Co. CLARK Hardness Testers (Standard and Superficial) of guar- 


anteed accuracy, say the word and we'll gladly supply them. 


CLARK INSTRUMENT INC. 


10202 Ford Road © Dearborn, Mich., U.S.A 


1314. High-Purity Metals 


12-page booklet on the ultra-pure in- J 
dium, tin, zinc, lead, cadmium, bismu 
and silver metals. Special research grades 
of indium and antimony. Consolidated 
Mining & Smelting Co. 
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@ A new method of high velocity convection heat- 
ing nonferrous metals makes your present process- 
ing speeds extremely slow. For example, it will 
continuously anneal brass strip faster, with greater 
uniformity, than possible with conventional heat- 
ing methods. 

We have successfully applied this method to 
heating aluminum billets to forging temperatures 
with both startling and profitable results. It can 
be applied just as profitably to other types and 
forms of ferrous and nonferrous metals. 

This is a result of a close association with the 
nonferrous industries over many years and many 
different applications, as shown here. We are con- 
fident that its great cost savings will make you 
want to talk immediately with one of our engineers. 

Surface Combustion Corporation, 2377 Dorr 
Street, Toledo 1, Ohio. In Canada: Surface !n- 
dustrial Furnaces, Ltd., Toronto, Ontario. 


heat nonferrous metals faster... 


Incredible speeds have been achieved in this new continuous 
brass strip heating installation by Surface 
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A big aluminum billet is removed from one of a battery of Surface Thousands of 14S aluminum parts a day are solution heat treated 
furnaces which heat 7000 Ibs/hr each for forging. and aged in this Surface continuous furnace line 


Surface high-speed furnace heats nonferrous billets for extrusion Super convection” cuts the cycle time in this precision bell an 
at a rate of 19,250 Ibs/hr, with fine grain size nealer. Direct-fired heating’s in the base 


Specified grain size of 0.040 mm is held easily in this Surface This direct-fired furnace has a rated production of 2500 Ibs/hr of 
continuous bright a ler for pper tubing. aluminum blocked forgings. 
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LOST MINUTE 


TEMPERATURE GHANGE-OVER 


WITH A MAGNETHERMIC 


“This installation is Wolverine Tube, Division of Calumet & Hecla, Inc., Detroit, Michigan” 


Three Magnethermics, 60 cycle, heating 8" x 15" copper and brass billets for a 3000-ton extrusion press. Each heater is individual of the other, 
operating from a common loading and unloading conveyor. One, two, or three heaters can be used, depending upon production requirements. 


Flexibility for emergency orders-you never have 
to plan ahead for a temperature change-over... 


SET THE DIAL— PRESS THE BUITON—HEATED BILLET 


You never have to backlog billets with a 
Magnethermic Induction Heater. Operator dials the 
temperature, presses the button, and a uniformly 
heated billet will be ready in moments. And the 
next billet and the next will be the same temperature. 
The Magnethermic heater also records the tempera- 
ture of each billet so that you have -a permanent 
record for checkback. 


When a rush or emergency order upsets the day’s 
schedule, the operator sets the dial to the new tem- 
perature and the Magnethermic is ready to deliver 
immediately. No costly shutdowns normally asso- 
ciated with fuel firing. 


More than temperature can be changed over with- 
out production delay on a Magnethermic . . . size 


Your Inquiry... 
Any information on costs or procedure will be promptly sent in 
response to your request. 


of billet or type of alloy, as well as temperature, can 
be adapted in minutes. 


This flexibility more than offsets the higher original 
costs, as many users of Magnethermics have con- 
firmed. Once you have an induction heater, you 
can forget about the billet heating for your forging 
presses, extrusion presses or rolling mills. No more 
stockpiling. No more backlogging. No more long 
shutdowns. 


Any metal that can be heated can be heated by a 
Magnethermic Induction Heater . . . low, dual or high 
frequency. There are Magnethermics in operation 
for aluminum, beryllium, copper, columbium, mag- 
nesium, molybdenum, nickel and nickel alloys, plat- 
inum, carbon and alloy steels, titanium, and vanadium. 
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Lustralume No. 1 


This new burnishing compound is a clear, stable 
liquid readily soluble in water. It's non-toxic 
and non-flammable . . . ideal for use in all 
conventional types of oblique or horizontal bar- 
rels where moderate foaming is permissible. 


Aheal Etch Cleaner No. 1 IF 


This cleaner produces an attractive, uni/orm 
etch in a short time on all types of aluminum 
surfaces. Ahcal’s outstanding advantage is its 
ability to dissolve large amounts of aluminum 
without forming undesirable scale or sludge. 


Ahcal Deoxidizer R 


Ideal to remove smut after cleaning and etching, 
and before painting. Its convenient powdered 


form makes it safer than liquid acids. 
Ahcoloid Cleaners R 
» 189—A non-etching alkaline soak cleaner. 


-LC-3—An emulsifiable liquid pre-cleaner to 
remove oil, grease, and buffing residues. 


59-H-5—A cleaner for power washers. 


LUSTREBRITE LIQUID 35—A new liquid soak 
cleaner developed specifically to remove 
buffing compound residues and 
fingerprints. 


Write for Bulletins to 


APOTHECARIES HALL CO. 


DIVISION OF 


THE HUBBARD-HALL 


CHEMICAL COMPANY 


WATERBURY, CONN. 


DECEMBER 1958 


1315. High-Temperature Alloy 

New 8-page booklet on Haynes silicon 
nitride, designed to operate at tempera- 
tures over 3000° F. Applications. Haynes 
Stellite 


1316. High-Temperature Alloy 
Bulletin 106 gives data on Type 321 

stainless and contains temperature range 

chart for six alloys. Rolled Alloys 


1317. Humidity Instruments 
New 22-page bulletin on _ indicating, 
recording and controlling wet and dry 
bulb instruments and _  psychrometers. 
Bristol Co. 


1318. Induction Furnace 
Folder R-61 on induction furnace for 
electric melting and holding of alumi- 
num. Ajax Engineering Corp. 


1319. Induction Heater 

8-page bulletin on 60-cycle induction 
heater for aluminum, copper, brass and 
steel. Installations, billet heater selection 
chart for aluminum. Magnethermic 


1320. Induction Heating 
Folder on high-frequency induction 
heating includes diagrams of water- 
cooled, air-cooled and variable output 
work unit. Cincinnati Milling Machine 


1321. Induction Heating 

New brochure on low-frequency induc- 
tion heating. Advantages and applica- 
tions. Electric Arc, Inc. 


1322. Induction Heating 

High Frequency Review contains arti- 
cle on high temperature fatigue tests 
using induction heating. Lepel High Fre- 
quency Laboratories 


1323. Induction Heating 
60-page catalog tells of reduced costs 
and increased speed of production on 
hardening, brazing, annealing, forging 
or melting jobs. Ohio Crankshaft 


1324. Induction Heating 

Brochure on induction heating furnace. 
Frequency chart. Pittsburgh Induction 
Heating Co. 


1325. Industrial Equipment 

12-page catalog on finishing systems. 
cleaning, pickling, rustproofing equip 
ment, ovens, conveying equipment. R. ( 
Mahon Co. 


1326. Inspection 

Data on multi-frequency inspection of 
nonferrous and nonmagnetic metals. 
Magnetic Analysis 


1327. Instruments 

32-page Catalog 20-10 on electronic self- 
balancing instruments for indicating, 
recording, controlling. Instruments de- 
scribed and diagrammed. Principles of 
operation. Foxboro 


1328. Investment Casting 
August 1958, Vol. 1, No. 4, “Casting 
About with Misco”, on factors which 
affect cost of investment castings. Misco 
Precision Casting Co. 


1329. Iron Powders 

New 48-page booklet on three types of 
iron powders. Applications, chemical 
composition, physical properties. 27 pages 


of graphs. Metal Powder Div., Republic 
Steel 
1330. Tron Powders 


New 12-page Bulletin No. 2 on iron 
powders. Properties of Plast /Iron, Plast 
Steel, Plast/Nickel. Plast/Maneanese and 
Plast /Silicon. Plastic Metals Div. 


1331. Laboratory Equipment 
New bulletin on cutting test specimens 
describes methods for different types of 
metals. Price list. Sieburg Industries 
1332. Low-Alloy Steel 
60-page book on high-strength low- 


(Continued on page 48-A) 


IT’S NOT 
“HOW THIN” 


> ae 


BUT 
HOW EXACT! 


With the recent trend in strip metal 
towards thinner and thinner gauges, 
Somers, a pioneer in thin strip for 
nearly 50 years, is naturally among 
the leaders in rolling ultra-thin strip. 
But in addition to rolling production 
quantities of strip as thin as can be ob- 
tained anywhere in the world, Somers 
utilizes exclusive techniques and equip- 
ment to make sure that every foot 
of metal is up to the most exacting 
standards. 


1. Accu-Ray nuclear 
gouging to assure ab 
solute uniformity of 
thickness throughout. 


2. Unique rolling mill 
for strip from .001" 
down, makes possible 
extremely close con- 
trol of the final pre- 
anneal temper, and 
uniform accuracy of 
the final temper. 


3. Experience exclu- 
sively with thin strip 


metals gives Somers 
NEARLY an unmatched back 
ground in engineering 
FIFTY ultra-thin strip to meet 
YEARS all special require- 
ments 


EXACTING STAN DARDs On 
fy 


Somers Brass Company, Inc. 
106 BALOWIN AVE... WATERBURY, CONN. 
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“BaW’s Mr. Tubes gives me the 


‘extra’ help I need to 


b bw can ENGINEER FOR PROFIT by keeping your 
piping costs as realistic as possible. Specifying 
and buying welding fittings and pipe, especially the 
alloys, can be pretty tricky. Admittedly, most alloy 
jobs are, inherently, both complex and expensive. 
Any error in judgment can throw costs way out of 
proportion. That’s why it pays to call in BaW’s 
Mr. Tubes. Put him on your planning team .. . he’s 
the man that can help make your specifying deci- 
sions more certain. 


As your local B&W representative, Mr. Tubes is 
well qualified to give you the kind of technical help 
you need to hold your alloy piping costs to a mini- 
mum. He can offer dependable help in selecting the 
most economical grades and sizes best suited for your 
end-use applications. 


And, through Mr. Tubes, you can save both time 
and money by utilizing B&W’s “one-source” supply. 
You get a matched piping system — both pipe and 


engineer for profit!” 


fittings, in the materials you need — when you need 
them. Buying and delivery are more closely con- 
trolled, too. Check with Mr. Tubes on your next job. 
He can be reached at any B&W Tubular Products 
Division District Sales Office. The Babcock & Wilcox 
Company, Tubular Products Division, Beaver Falls, 
Pennsylvania. 


TA.8032-G5 


Seamless welding fittings and forged steel flanges, seamless and welded tubular products, solid extrusions — in carbon, alloy, stainless steels and special metals. 
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(Continued from page 47) 


alloy steel. Properties, fabrication and 
uses. U. S. Steel 


1333. Lubrieant 

Bulletin 426 on use of colloidal graphite 
for forging, wire drawing, piercing, draw- 
ing, extrusion and other metalworking 
operations. Acheson Colloids 


1334. Lubricant 

New 8-page Bulletin 304 on use of 
molybdenum disulfide lubricant in cold 
forming, cold heading and other appli- 
cations. Case histories. Alpha Molykote 


1335. Lubricants 
New booklet giving information on 
company’s complete line of industrial 
products. Sun Oil Co. 


1336. Magnetic Materials 

New 64-page book on electronic, mag- 
netic and electrical alloys. Engineering 
properties and fabrication characteristics 
Carpenter Steel Co. 


1337. Manganese 

Technical Data Bulletin 201 on electro- 
manganese and nitrelmang. Product char- 
acteristics. Composition. Foote Mineral 


1338. Metal Sorting 
Data on nondestructive sorting tool for 
raw, semifinished or finished parts. J. W 


Dice 
1339. Metallizing 


Folder on types. sizes and prices of 
metallizing wires. Spra Rod Corp. 


1340. Microhardness Tester 
Bulletin describes the Kentron micro- 
hardness tester. Torsion Balance 


1341. Microscopes 

40-page catalog on metallographs, 
metallurgical, toolmakers, stereoscopic, 
polarizing, phase and other microscopes 
Unitron Instrument Div., United Scien- 
tific 

1342. Mixers 

20-page booklet B-103 on fixed mount- 
ing propeller-type fluid mixers. Mixing 
capacities, standard sizes and _ speeds 
Mixing Equipment 

1343. Monel 

Booklet on engineering properties of 
cast Monel. International Nickel Co 
1344. Nondestructive Testing 
8-page bulletin on equipment for non- 


destructive testing of bars, rods, tubing. 
Magnetic Analysis 


1345. Nonferrous Wire 
Folder gives wire gage and footage 
chart and data on beryllium copper. 


phosphor bronze, nickel, silver, brass and 
aluminum wire. Little Falls Alloys 


1346. Nuclear Forgings 

New 6-page brochure on carbon, alloy 
and stainless steel forgings for nuclear 
reactor applications. U. S. Steel Corp 


1347. Quenching 

8-page brochure tells in detail how 
carbon steel often can replace alloy steel 
when additive is used in the quenching 
oil. Aldridge Industrial Oi's 


1348. Opties 

Catalog on optics for industry. Com- 
parators, lenses, prisms, microscope 
magnifiers. Edmund Scientific 


1349. Photographic Films 

Catalog of motion picture, radiographic 
and industrial films, photographic papers 
and luminescent chemical products. Du- 
Pont 


1350. Pickling Baskets 


Data on baskets for degreasing. pic! 
ling, anodizing and plating. Jelliff 


1351. Plated Strip 

Bulletin on plated metal strip. Plating 
thicknesses and variaticns possible. Syl- 
vania Electric 


1352. Plating 

Data and specification sheet covering 
tin plating a wide range of nonferrous 
thin strip metals. Somers Brass Co 


1353. Plating Thickness Tester 

Data sheets give ranges, principle of 
operation of nondestructive thickness 
tester. Unit Process Assemblies 


1354. Portable Recorder 
Bulletin 60-100 on instrument for re- 
cording any measurement that can be 
converted to a change in resistance of 
d. c. millivoltage. Thermo Flectric 


1355. Precision Casting 
8-page bulletin on investment castings 

of various ferrous and nonferrous alloys 

Engineered Precision Casting 


1356. Press 

Bulletin No. 1200 on 50-ton multiple- 
motion powder metal press. Onerating 
characteristics physical specifications 
F. J. Stokes 

1357. Presses 

Data on mechanical and_ hydraulic 
powdered metal presses 8 to 500-ton ca- 
pacities. Haller, Inc 

1358. Presses 

New 6-page Bulletin 340-C on alumi- 
num extrusion presses. Watson-Stillman 
1359. Quenching 

16-page booklet on modified and full 


BUSINESS REPLY CARD 


No Postage Stamp Necessary If Mailed In the United States 


POSTAGE WILL BE PAID BY— 


METAL PROGRESS 


7301 Euclid Avenue 


CLEVELAND 3, OHIO 


marquenching procedures. Hardness and 
dimensional control data, cooling curves, 
case histories, Sinclair Refining Co 


1360. Radiation Badges 
Data on badges which record exposures 
to radiation. Picker X-Ray Corp 


1361. Radiation Equipment 

Radiation Digest, Mar¢ h-April 1957 
contains cost sheet comparing costs of 
inspection by electron or gamma-ray ir- 
radiation equipment Electric 
X-Ray Dept 


1362. Refractories 

24-page manual on mortar preparaticn 
and general instruction Bibliography 
Lumnite Div 


1363. Refractories 

12-page catalog shows properties of im 
pervious recrystallized alumina and im 
pervious mullite. Shapes into which each 
is fabricated Morganite, In¢ 


1364. Refractories 
New 16-page Catalog 1795, “Crucible 
for Metal Melting”. Physical and chemi 


General 


cal characteristics, uses and availability 

of various refractory products. Norton 

1365. Resistance Alloy 


l6-page catalog on 60-16 nickel-chromi- 
um-iron alloy. Heating element design 
factors. Hoskins Mfg 


1366. Resistance 


Thermometers 
New 36-page Catalog EN-S4 on re- 
sistance thermometers for temperature 
up to 1000° F. Design and construction 
sizes. Applications. Leeds & Northrup Co 


24° 
1367. Rhodium Plating 

Data on rhodium sulfate and on limited 
time tests of this rhodium concentrate 


Technic 
1368. Rust Prevention 


l6-page booklet on corrosion testing 
standard — rust preventives Sclection 
chart. E. F. Houghton & Co 


1369. Rust Prevention 

Nine bulletins in one folder on rust 
prevention. Theory of corrosion. Produc 
tion Specialties 


1370. Rust Preventive 

New bulletin on wetting agent and 
emulsifier for use as a rust preventive 
and corrosion inhibitor. Swift & Co 
1371. Sand Control 

32-page book on defects and troubles 
in foundry and how to remedy them 
through sand control. Claud S. Gordon 
1372. Shear 

Bulletin on bar and billet shear for 


FIRST CLASS 
PERMIT No. 1595 


(Sec. 34.9 P.L. & R.) 
Cleveland, Ohio 


4 

oe 

4 

a 

‘ 

we 
|) 

4 4 

? 

4 
: 

= 


| HOLCROFT 
| and the 
FURNACE 
high production in small space 
| 
Production rates frequently bog down when floor space limitations 
prohibit large equipment purchases. : 
That's why—when the problem is heat treating—many companies 
turn to Holcroft for answers. Experience —imaginative engineering — 
versatility of products—all team up to provide answers. 


For example, the solution to the problem above could. conceivably 
be a rotary furnace; with one or two doors for loading and unloading 
and a rotating hearth which carries the stock through the heat treat 
cycle. The hearth can be of a heat-resistant alloy or a refractory 
material—can be suspended from above or supported from below. 
Rotary furnaces can be tunnel-type, grid-type, drum-type, or 
rotating retort. 

Of course, this is only one of the many kinds of stock handling which 
might be suggested by Holcroft. Your problem probably will be 


different and Holcroft will have the answer. 


Write today for a copy of Holcroft’s illustrated book: 
“Blazing the Heat Treat Trail.” It's bound to give you food 


for thought. 
HOLCROFT COMPANY 
rm 6545 EPWORTH BOULEVARD «+ DETROIT 10, MICHIGAN 


SS PRODUCTION HEAT TREAT FURNACES FOR EVERY PURPOSE 


CHICAGO ILL e CLEVELAND OHIO e DARIEN CONN « HOUSTON. TEXAS ¢ LOS ANGELES. CALIF. ¢ PHILADELPHIA PA 
CANADA Walker Metal Products. Ltd. Windsor. Ontario 
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THE MARK OF QUALITY 
Here’s “Stepless”’ 


BARBER 


COLMAN Control! with Proof 


Wheeleo 
Instrumente 


Your best guide to selecting ‘“‘stepless” electric proportioning controls 
is to rely on the unit backed by an unbroken record of success on 
thousands of installations. You take out the guesswork when you 
choose the Wheelco Model 407 electric proportioning controller — 
it stands out clearly above the rest. 


Wheelco not only pioneered saturable reactor control of power input 
but maintains leadership by giving you units built for long life and 
simplified maintenance. For example, standard vacuum tubes readily 
replaced by local electronic supply houses have exceptionally long 
life because they operate well below their maximum output. Plug-in 
components make inspection and service quick and simple. 


Wheelco Model 407s plus pilot amplifiers provide stepless control of 
saturable core reactors up to 150 kva and are available with a three- 
function controller for proportional, reset, and rate action. Propor 
tioning bands are adjustable from 0.5% to 4% of full scale. Manual 

reset adjusts over 100%, of proportioning band. Get more details on 

these features and Wheelco plug-in interchangeability by writing for 
Bulletin F-6314-3 today. | 


BARBER-COLMAN COMPANY 
Dept. L, 1518 Rock Street, Rockford, Illinois 
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rounds, squares, flats, billets and struc- 
turals. Hot or cold operation. Hill-Acme 


1373. Shell Molding 

New 4-page Data Sheet SF-1128 on sili- 
cones for the shell molding process de- 
scribes three different products 
Div., Union Carbide 


1374. Slitting 

New 48-page Bulletin 571 on rotary 
slitting knives, trimming knives pipe and 
tube cut-off knives and others. Standard 
and special types of high speed steel and 


Silicones 


carbide tipped milling cutters. Cowles 
Tool Co 

1375. Slitting 

i6-page handbook on multipl rotary 


slitting lines. Design, selection and opera- 


tion of slitters. Specifications and ca- 
pacity tables. Yoder Co 

1376. Sodium 

28-page booklet on using sodium in 


dispersed form tells how dispersions are 
prepared and handled, and their advan 
tages. Ethyl Corp 


1377. Spectrometer 


Bulletin on Atomcounter 
ing spectrometer 


direct read- 
instrument 
Jarrell-Ash 


describes 
and pulse computer system 


1378. Stainless Steel 

New 8-page booklet on extra-low-car- 
bon stainless steel. Chemical analyses, 
design, fabrication, mechanical properties 
Armco 


1379. Stainless Steels 

New 28-page booklet on special purpose 
Stainless steels. Types, finish characteris- 
tics. uses, corrosion data, cleaning agents 
Washington Steel 


1380. Steels 

Reference data sheet on Vasco M-2 
(tungsten-molybdenum) high speed steel 
Heat treatment, compositions. applica- 
tions. Vanadium-Alloys Steel Co 


1381. Stereomicroscopes 

38-page catalog D-15 shows value of 
three-dimensional microscopes for indus- 
trial assembly lines and research labora- 
tories. Bausch & Lomb Optical 


1382. Temperature Control 
New &-page Bulletin 838 on temperature 

control in gas and vapor chromatography 

Temperature programming. Burrell 


1383. Testing 
Folder on laboratory facilities for han- 


dling research problems involving micro- 
scopy, X-ray. Ernest F. Fullam, Inc 


copper single crystals 
ing Corp 


1385. Testing Equipment 
80-page illustrated catalog lists over 130 
testing and measuring tools for labora- 
tory and production-line use. General 
Electric 


1386. Testing Machines 
New 8-page Bulletin RG-14-55 on test- 
ing machines and instruments. Rieh'e 


1387. Testing Machines 
Bulletin on Brinell hardness, ductility 
compression, tensile, universal, trans- 
verse, hydrostatic proving instruments 
Steel City Testing Machines 


1388. Thermocouples 

New bulletin F-5228-3 on construction 
and application of thermocouples and 
radiation detectors to industrial control 
How to check, make elect and size 
thermocouples. Wheelco 


1389. Thickness Gage 
Folcer on pocket-size gage. How to ust 
it. Ferro Corp 


1390. Thickness Gage 

New bulletin on noncontacting thick- 
ness gage. Range, sensitivity, speed of 
response. Nuclear Systems, Budd Co 


1391. Titanium 

24-page fact file gives physical and 
mechanical propertiec metallurgy, cor- 
rosion properties. machining, forming and 
we'ding data. Mallory-Sharon Metals 


1392. Tool Steel 

Chart gives stock sizes, enalyse; and 
properties of A2 and O1 precision ground 
tool steel. Uddeholm 


1393. Tool Steels 

12-page booklet on tool steels for forg- 
ing operations. Basic forging operations 
equipment. Heat treatment of steels for 
hot forging. Crucible Steel 

1394. Tool Steels 

16-page booklet on tool steels, their an- 


plication and heat treatment for the die 
casting process. Crucible Steel 


1395. 


Instron Engineer- 


Tubing 

l§6-page Bulletin No. 12 on_ types. 
grades, lengths, finishes and _ general 
characteristics of small diameter stain- 
less steel, nickel and nickel-alloy tubing 
J. Bishop & Co. 


1396. Tubing 
New book on production of seamless 


and welded tubing. Forging and fabricat- 
ing operations. Ohio Seamless Tube 


stainless mechanical tubing, seamle o 
welded. Specifications, heat treatment, 
sizes, shapes Tubular Products Div., 
B&W 


1398. Ultra Strength Steel 

Results of three-year research and test 
program evaluating properties of Type 
41340 steel for Inter- 
national Njckel 


1399, Ultrasonics 


Data sheets on high-power 
generators for mass 
trasonic scrubber 


1400. Ultrasonics 


Data sheet on gages for thickness 
urement, ccating measurement 
tion. Branson Instruments 


1401. Vacuum Melted Alloy 
New 8-page Engineering Data Brochure 
VM-104 on vacuum melted alloy Me- 
chanical and physical properties. Stress- 
rupture data letallurgica! Products 
Dept., G.E. Co. 


1402. Vacuum Melting 

8-page bulletin on production and test- 
ing equipment for vecuum melting. Ad- 
vantages of process. Utica Metals Di: 


1403. Welder 

New brochure on semi-automatic weld- 
er. Construction features. Applications in 
representative industries. Wall Colmonoy 


1404. Welding Stainless 

New 12-page booklet—a guide to better 
welding of stainless steels In question 
and answer form. Arcos 


1405. Wire Cloth 

94-page catalog on line of industrial 
wire cloth, screen and wire cloth prod- 
ucts. Types, applications. Metals 
and alloys used, stoxinless compositions, 
corrosion tables. Cambridge Wire Cloth 


1406. X-Ray Film 


Technical data on line of Structurix 
films. Gevaert Co 


1407. \-Ray Films 


6-page folder on industrial X-ray films 
and processing chemicals Exposure 
characteristics. Selection of best film for 
each job Ansco 


1408. 


8-page 


aircraft structure 


1 
ultrasoni 
production, and ul- 
Acoustica Associate 


meas- 
inspec- 


Zine Coating 

booklet on zinc-coated steel 
sheets. Fabrication, uses, advantages in 
heating, ventilating and air conditioning 
Weirton Steel 


1409, 


8-page 


ome 
Zirconium 
brochure on 
rosion resistant 


zirconium’s cor- 
Applications 
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Experience—the added alloy in Allegheny Ludium foo/ stee/s 


- 


COLORIMETER (inherently extremely accurate) determines 
percentages of molybdenum, tungsten, cobalt and manga- 
nese in A-L tool steel to insure consistent, high quality. 


Colorimeter measures exact chemical composition 
of Allegheny Ludlum tool steel melts 


Accurate adjustment of alloys guarantees uniform 
heat treatment, predictable dimensional changes, 
reduced grinding, standardized machining operations. 


Close control of molybdenum, tungsten, cobalt and 
manganese is at the heart of a good tool steel melt. In 
addition to the usual testing methods, Allegheny Lud- 
lum’s chemical laboratory checks these metals with 
Colorimetry because of its inherent, extreme accuracy. 

On the basis of the Colorimeter'’s findings, it is 
possible to make carefully calculated furnace additions 
of ferro-alloys, insuring precise control over chemistry. 
This guarantees your receiving the exact analysis order 
after order, providing uniformity of heat treatment, predict- 
able dimensional changes, reduced grinding and standardized 
machining operations. 


wew-7262 


Colorimetry is but one step toward careful control 
over composition. Allegheny Ludlum also sets exacting 
purchasing specifications on raw materials and scrap. 
Quality Control checks all incoming orders to see that 
they conform with these specifications. Another guard 
toward your getting your exact specifications: each 
ingot bears a metal tab showing heat number. 

Allegheny Ludlum stocks a complete line of tool 
steel sizes and grades. Call your nearest A-L representa- 
tive; you'll get quick service and counsel on such 
problems as heat treating, machining, grade selection, 
etc. Or write for A-L’s publication list which gives full 
data on the more than 125 technical publications offered. 
They'll make your job easier. 

ALLEGHENY LUDLUM STEEL CORPORATION, 
Oliver Bldg., Pittsburgh 22, Pa. Address Dept. MP-12 


ALLEGHENY LUDLUM 


Tool Steei warehouse stocks throughout the country... Check the yellow pages 
every grade of tool steel... every help in using it 
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» « » give you closer Temperature Program Control! 


For heat treating processes requiring spe- 
cial cycles, the Foxboro Cam-Set Program 
Controller is the ideal solution. 

Foxboro Cam-Set Controllers use FULL- 
SIZE cams—as large as the recording chart 
itself. Full size cams are easily cut for 
greater accuracy ...cam follower is more 
sensitive. 

Cam-Set Controllers are designed with 
cam mechanism and recorder-controller in 
separate cases. Cams may be changed 
without touching the recording chart. And 
the cam and chart can be rotated at dif- 


ferent speeds. 


Foxboro two-case 
Cam-Set Program 
Controller. (Single 
case controllers 
also available.) 


FOXBORO 


REG. U.S. PAT. OFF. 


Foxboro Cam-Set Program Controllers 
are available with thermocouples or resist- 
ance bulbs for temperatures from —300 F 
to +2800°F; or with filled thermal systems 
from —450°F to +1000°F. They may use 
any type of automatic control: on-off, pro- 
portional, or Rotax electric control. 

Find out about this simple, precise auto- 
matic control for complicated heat treating 
programs. 

Bulletin 5A-12 has all the details. Write 
for your copy today. The Foxboro Com- 
pany, 5212 Neponset Avenue, Foxboro, 
Massachusetts. 


CAM-SET 
PROGRAM CONTROLLER 
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1% million pieces with Lehigh H 
...that’s a long run in any league! 


At Harvey Hubbell, Ine., Bridgeport, 
Conn., they were using a competitive 
grade of tool steel to form cord-clamp 
sections made from Grade 1010 steel 
strip. But each time they hit an average 
figure of 700,000 pieces, the die cracked, 
and had to be replaced. The manufacturer 
decided to call in Lindquist Steels Ine., a 
loeal distributor of Bethlehem tool steel, 


TYPICAL ANALYSIS 


Carbon 1.55 
Chromium 11.50 
Molybdenum 0.80 
Vanadium 0.90 
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“With the finished part only .060 in. 
thick, we ought to do better than 700,000 
pieces. What do you suggest ?” 

The distributor studied the operation, 
the cracked die, and the finished part. 
“I’d reeommend Lehigh H,” he said. “It 
has the strength you need in a forming 
operation of this sort.” The Lehigh H 
was put on the job and produced 14% 
million pieees without any trouble. 

Lehigh H is our high-carbon, high- 
chromium, air-hardening tool steel. It’s a 
grade with outstanding wear-resistance 
and toughness. And it’s also a deep- 
hardening steel with high compressive 
strength. 

The best way to evaluate Lehigh H is 
by putting it to work—not in an easy 
job, but in a tough one. Your Bethlehem 
tool steel distributor carries Lehigh H in 
stock, and will see that it’s delivered 
promptly. Get in touch with him. 


BETHLEHEM TOOL STEEL 
ENGINEER SAYS: 


Don't Use Fresh W ater 
For Quenching Tools 


Fresh water, regardless of its source, 
contains dissolved gases which make it 
unsuitable for quenching tools. When 
tools are quenched in fresh water, gas 
is liberated at the surface of the tool. 
Gas pockets thus formed may prevent 
contact between tool and water, resulting 
in soft spots from ineffective quenching. 
Soft spots are undesirable because of 
their low hardness, and also because a 
quench which produces them may also 
eause eracking of the tools. 

Soft spots, and tool eracking associ 
ated with soft spots, ean be avoided by 
quenching in water which has been pre- 
viously boiled, to remove the dissolved 
gases. If water cannot be boiled, quench a 
large amount of hot “dummy” material 
to expel the gases. As a further precau- 
tion against soft spots, it is preferable to 
use a 10 pet brine solution instead of 
water. It is also suggested that the dis- 
solved gases be expelled from the brine 
solution before use. 


USE DURAMOLD 
FOR COLD-HOBBING 


Bethlehem’s Duramold tool steels, in 
Grades A and B, are ideal for ecold- 
hobbing plastie dies because they are free 
from injurious surface and internal de- 
fects. Duramold A, an air-hardening 
grade, is annealed to 109 max Brinell. 
Duramold B hardens in oil, and hobs more 
readily than Duramold A, It is annealed 
to 100 max Brinell, and has an addition 
of boron to inerease the core strength. 
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Erecting a crystallizer at a potash refinery in Carlsbad, N. M. 
operated by the U. S. Potash Co., a division of U. S. Borax & 
Chemical Corp. This is one of seven crystallizers that were shop- and 


field-fabricated, then field-assembled by welding. They were not stress- 
relieved or heat-treated. There has been no stress-corrosion cracking in 
the nine months these units have been in service at the potash refinery. 


NEW Ampco Metal Grade stops 
stress-corrosion cracking! 


Important changes have been made in Ampco 
Metal Grade 8! It’s entirely new—and completely 
obsoletes old ideas about fabricating copper-base 
alloy equipment to handle steam and corrosive 
media at elevated temperatures. 
Now, with new, patented Ampco Metal Grade 8, 
you can... 
1. Field-fabricate without stress-relieving! 
2. Make field repairs, changes, and alter- 
ations without heat treatments! 
3. Readily weld with any electric welding 
process! A. No pre-heat. B. No post-heat. 
C. No hot-short cracking! 
At one major oil refinery, field-assembled piping 
of Ampco Metal Grade 8 has handled hot sul- 
phuric-acid sludge for a year and a half without 
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stress-corrosion cracking. Driers in a paper mill 
have handled 350° F steam at 125-lbs. pressure 
for more than a year without stress-corrosion 
cracking. 

Let us prove it to you. Talk to your Ampco field 
engineer. Or write for details. Ampco Metal, Inc., 
Dept. 21L, Milwaukee 46, Wis. West Coast Plant: 
Burbank, Calif.— Southwest Plant: Garland 
(Dallas County), Texas. 
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Picker 
“CYCLOPS” 
€ alk 


will radiograph GS inch 
steo! in 15 minutes 


Wheel “Cyclops” into action like this—then walk 
away. Start exposure electrically frum a remote, 
fully protected position. Come back in fifteen 
minutes and find the job done. 


Cyclops is a “natural” for radiographing 
massive castings and weldments of steel, dense 
alloys, even solid lead inches thick. 


Whatever the nature of your need for radiographic 
or fluoroscopic inspection, we probably have 

just the machine to do the job for you. 

The Picker spread of equipment spans the range 
from 10 KV x-rays (for paper-thin materials) 

to 2-3 MEV equivalent Cobalt 60 units. 


For information and advice concerning any phase 
of radiation-utilization, contact any Picker 
District office (see local ‘phone book). Or write, 
telephone or wire Picker X-Ray Corporation, 

25 South Broadway, White Plains, N. Y. 
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excellent detail sensitivity Abrs 
1% and 2% sensitivity is routine 
high energy 
Cyclops holds 1900 rhe source of Cobolt 60: its 
radiatio® is equivolent to 2-3 million volt x-rays \ 
low first cost 
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Improved Gantry type hardening furnace for missiles. Latest 
development of standard Gantry type, this huge furnace pro- 
vides more economical, faster production and improved met- 
allurgical qualities in treating missile parts. The installation 
consists of the electric, controlled atmosphere, Gantry type 
furnace and two draw furnaces, a hot water wash tank, a salt 
bath quench and a nitrogen generator. The Gantry type 
furnace moves under power over the entire installation 
to load or unload at any of the pit stations. Both design 
and installations by Lindberg. 


Induction Aluminum Billet Heater. This ex- 
clusive new Lindberg induction billet heater 
provides aluminum extruders with an ac- 
curate, efficient solution to a difficult pro- 
duction problem. It features ‘“‘Metered 
BTU’s”, an improved control system for 
heating aluminum billets. The heating rate 
of billet is controlled and each billet auto- 
matically delivered to the die-casting 
machine at the exact temperature required 
for most efficient extrusion. 


Full information on any of these new 
Lindberg developments is available 
from Lindberg Engineering Company, 
2448 W. Hubbard St., Chicago 12, Ill. 


Lindberg has developed 
"es five major improvements 
in the application of 


heat to industry 


Not so many months back business wasn't booming 
in the metalworking field. But through this period, 
Lindberg went steadily ahead with its policy of 
helping make business better by constantly seeking 
better ways to apply heat to industry. Fortunately, 
Lindberg has the research experts, the designers, 
the engineers to implement this policy. As evidence, 
shown on these pages are five major Lindberg 
developments of the past twelve months. In their 
respective spheres these offer industry more effi- 
cient, more productive, more economical industrial 
heating equipment. 


LINDBER 


his year alone 
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Hyni Nitrogen Generator. This Lind- 
berg Hyni nitrogen atmosphere 
generator is the latest development in 
gas processing and assures nitrogen 
of higher purity than has ever before 
been achieved by other processes. It 
is the first unit to provide low cost, 
high purity nitrogen by a dry, com- 
pletely automatic process. It is suit- 
able for any application where a high 
nitrogen, CO: free, dry atmosphere is 
required. The unit functions automat- 
ically, and once the generator is 
started, the entire operation is com- 


Over the years Lindberg has consistently pioneered 
major advancements in industrial heating equipment 

. the famous Cyclone furnace, applying the first 
100% forced convection heating principle . . . the first 
high temperature (2200° F.) endothermic generator . . . 
the development of controlled atmosphere generators, 
the creation of dew point equilibrium curves to estab- 
lish proper atmosphere values and the exclusive Lindberg 
Carbotrol to maintain these values automatically . . . 
the ‘‘dimple”’ vertical radiant tube for fuel fired furnaces 
... the revolutionary CORRTHERM electrical heating 
element. Lindberg equipment and Lindberg planning 


induct-O-Ring Rotary Salt Bath Furnace. Offering for the first 
time an electric salt bath furnace that can be shut down over 
night or week end and regain efficient operating temperature 
quickly. Positive quality control is provided by rotary action 
of furnace and variable speed drive which insure exactly same 
time in bath for all parts. Gives precise temperature uniformity 
and control unequalled by any other salt bath furnace design. 
Offers greatly lowered operating, maintenance and initial 
investment costs compared with standard externally heated 
pot or electrode types. 


pletely automatic and continuous. 


can help you find the most effective answer to any 
problem of applying heat to industry. We cover the 
field, heat treating, melting and holding, brazing, enam- 
eling furnaces, ceramic kilns, high frequency units, 
and are in the ideal position to recommend just the 
type of equipment most suitable for your needs. Consult 
your local Lindberg Field Representative (see the class- 
ified phone book) or get in touch with us direct. 


apinecring 

indlberg Ongtnecring Vompany 
2448 West Hubbard Street, Chicago 12, Illinois 

Los Angeles Plant: 11937 S. Regentview Avenue at Downey, Calif. 


Electric Controlied Atmosphere Dry Hearth Melting Furnace. This 
new Lindberg-Fisher Melting Furnace operates electrically 
and oxidation of aluminum, or melt loss, is reduced because 
the entire system can be pressurized with atmosphere. The 
only oxides incurred are those from the surface of the scrap, 
as charged. The furnace contains a sloping silicon carbide 
dry hearth which directs the molten aluminum through a 
covered trough into the companion holding furnace. Substan- 
tial savings in lower melt loss and maintenance is low. Par- 
ticularly applicable for scrap with steel inserts. 
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Equipment for 
EVERY Hardness Testing Requirement 


WILSON “ROCKWELL” HARDNESS TESTERS 
..- ACCURATE AS A PRECISION BALANCE 


No matter what your hardness testing requirements are, there’s 
@ WILSON “ROCKWELL” instrument to do the job. Choose from 
this complete selection of hardness testers: 

“ROCKWELL” —for most hardness testing functions. 
Superficial—for extremely shallow indentations. 
Twintester—combines functions of ““ROCKWELL” and “ROCKWELL” 
Superficial testers. 

Semi-Automatic (manual feed) and Fully Automatic—for auto- 
matically classifying tested pieces as CORRECT, TOO HARD, or 
TOO sorT—at test rates up to 1000 pieces per hour. 

Special Machines—for testing large objects, obtaining internal 
readings, and other unusual applications. 


ALL WILSON “ROCKWELL” hardness testers provide 

these advantages: 

Accurate performance—precision built, with exact calibration, for 
consistently correct results. 

Long life—durable as a machine tool. 

Easy operation—even an unskilled operator can get perfect 
readings. All controls conveniently grouped. 

Easy maintenance—interchangeable mechanisms, with spindles 
mounted on oil-less bearings. 


DIAMOND “BRALE” PENETRATORS... perfect testing every time 


A perfect diamond penetrator is essential 
to accurate hardness testing. Since one 
point of hardness on the “ROCKWELL” 
scale represents only 80 millionths of an 
inch penetration—only 40 millionths on a 
Superficial tester—the slightest imper- 


Only perfect Wilson Diamond Brale 
Penetrators are sold. Each diamond is 
flawless, with no chips or cracks. It’s cut 
to an exact shape. icroscopic inspection 
of every diamond —one at a time—assures 
this perfection—and assures you of accu- 


fection will cause a false reading. 


rate hardness testing every time. 


The TUKON Tester measures extremely 
shallow indentations. It’s used, for in- 
stance, by manufacturers of watches, 
hairsprings, needles, and fine wire. Labor- 
atories use the TUKON for tests on indi- 
vidual crystals or particles of microscopic 
size. Producers of coatings, film, ceramics, 
and many other materials have made good 
use of the TUKON. 


TUKON TESTER ...for precision MICRO « MACRO testing 


Three models are available to meet your 
individual requirements. TUKON Testers 
use both the Knoop and 136° Diamond 
Pyramid Indenter. Each TUKON Tester is 
a self-contained hardness testing instru- 
ment — no accessory equipment is needed. 
Knife edges and levers of fixed length are 
used throughout for application of exact 
load and freedom from internal friction. 


A COMPLETE LIBRARY of helpful information 


A wide variety of bulletins describes the many instruments, acces- 
sories, and services Wilson offers. Write for your choice: 

DH-325—wiLson “nocKWELL” Hardness Testers Superficial 
Hardness Testers © DH-327—Special ‘“‘nockwe..” Testers, including Automatic and 
Semi-Automatic models DH-7—Tukon Applications DH-328—rTuKON Testers. 


MECHANICAL INSTRUMENT DIVISION 


AMERICAN CHAIN & CABLE 


230-F Park Avenue, New York 17, 


N.Y. 
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Waukesha 


another Iinducto installatiom..--« 


Improves Stainless Castings 


With INDUCTO Furnaces 


Waukesha Foundry Company, Waukesha, 
Wisconsin, is a major producer of stainless 
steel castings with emphasis on parts for dairy 
and other food equipment. To minimize re- 
jects, Waukesha has installed Inducto induc- 
tion furnaces in its stainless foundry. If you 
are wondering how a furnace can cut rejects 
in castings, consider the following facts. 

Inducto high-frequency induction furnaces 
with precision control provide a controllable 
analysis on alloys. Since the heat is gener- 
ated in the metal itself, there is no excess or 
external heat to cause oxidation of some of 
the alloys. The electromagnetic stirring action 
of the induction furnace assures a uniform, 


homogenous alloy. Additionally, melt after 
melt can be exactly duplicated by the precise 
control of the Inducto equipment. 

At Waukesha, two 650 Ib. furnaces and 
an Inducto Push-Out furnace (not shown) are 
operated from a 175 KW m-g set and con- 
trolled from a single, compact control panel. 
The tilting furnaces are used for stainless 
castings while the Push-Out, a unique remov- 
able crucible furnace, is used for hard-to- 
melt non-ferrous alloys. 

Design-wise, too, Inducto melting equip- 
ment offers many advantages. Leorn how you 
can benefit from the use of the most modern 
melting equipment available today. Write to: 


412 Illinois Avenue . Delanco, New Jersey 
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POWDER | 


These valuable forms are producing practical 
solutions to important high-temperature problems 


TUNGSTEN 


MOLYBDENUM 


Powder for slip casting, pellets for 
vacuum melting, and consumable 
electrodes for arc castings. These are 
the important ways in which Sylvania 
Tungsten and Molybdenum are being 
used in the development of new and 
better high-temperature metals. 


If any of these forms offer the right 
solution to your problem, Sylvania 
can supply the purity and composi- 
tion you need. 

Custom-made raw materials such 


CHEMICALS 


as these help metals producers meet 
the precise demands of new high- 
temperature alloys. They are helping 
the industry make “Metals of the 
Future” available today. 


You can keep pace with this con- 
tinuing progress in powder metal- 
lurgy by contacting Sylvania’s 
Chemical & Metallurgical Division. 
We will welcome the opportunity to 
discuss your high-temperature metal 
needs with you. 


SyLvania Evgcrric Propucts Inc. 
Chemical & Metallurgical Div. 


Towanda, Penna. 


PHOSPHORS 


SEMICONDUCTORS 
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WEIRKOTE CAN AWAY WITH PLATING 


DIPPING AFTER FABRICATI 


Q. A zinc-coated steel that won't peel or flake? That could save, . . lot of money every 
month. Just what makes this Weirkote so special? 

. It's made by the continuous process, you know, which ints:;aigs zinc and steel so 
that the toughest fabrication won't break down the bond. Yu can work Weirkote to 
the very limits of the steel itself. ] 

. Of course, that means the most complicated parts would ha\§, protection against rust. 
| like what I'm hearing. Is there more? 

. Yes... now Weirkote is treated to inhibit wet storage stain ; white oxide). To make a 
long story short, I'd say this: With Weirkote, you can turn o¥.t 4 better product at lower 
cost. And you can free a lot of the capital, floor space and time you have tied up in 
plating operations. 


Send for free booklet that details the time- and cost-saving advantages of skin-tight 
zinc-coated Weirkote. Weirton Steel Company, Dept. S-7, Weirton, West Virginia. 


WEIRTON STEEL 
COMPANY 


WEIRTON, WEST VIRGINIA 


division of 


NATIONAL STEEL ae CORPORATION 
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Production cutting of bar stock 
on a HILL ACME 8ar-Bil/et Shear 
with auxiliary automatic feed 


The nearest thing to automation 
achieved so far in the production cutting 
of bar stock is the HILL ACME BAR- 
BILLET shear with auxiliary automatic 
feed. With one man as standby observer, 
bars are fed automatically from the rack 
to the roll feed mechanism. Automatic 
stops on the billet shear predetermine 
the length of cut. 


On ideal installations bars travel from 
steel storage on conveyors through the 
billet shear to tote boxes without being 


touched by hand. 
HILL ACME BAR-BILLET shears have 


proven to be the most efficient, econom- 
ical and trouble-free units on the market 
today. With the exclusive outboard 
support on the drop-off side, square, 
accurate cuts are assured. These high 
production shears are built in a variety 
of sizes to meet every cutting need up to 
9” in rounds. A new bulletin covering 
all details of construction and operation 
is now available. 


The 


HILL ACME 


Company 


MANUFACTURERS OF: 

“CANTON” ROTARY SCRAP SHEARS ® ALLIGATOR SHEARS @ BILLET 
SHEARS @ “HILL” GRINDING AND POLISHING MACHINES @ 
HYDRAULIC SURFACE GRINDERS ® “ACME” FORGING ® THREADING 
@ TAPPING MACHINES ®@ “CLEVELAND” KNIVES & SHEAR BLADES 


1201 West 65th St., Cleveland 2, Ohio 
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In METALLOGRAPHS... 
the trend is to UNITRON! 


What do you look for when choosing a metallograph? All of the 
LiNitiii{~ popular makes are precision instruments, are reasonably versatile 
ddd 7 and, to a varying degree, are easy to operate. But, except for 
’ UNITRON, all have the bulk of an office desk or optical bench and 
are tagged with a price that puts a substantial dent in the laboratory 
budget. UNITRON, and only UNITRON, offers a completely equipped 
metallograph in a compact and self-contained unit, taking only 
9” x 12” of table space, which duplicates the performance of large 
cumbersome instruments — and at a price which is hardly more than 
the usual cost of a conventional metallurgical microscope. 


Unlike the case with most metallographs, an adding machine is not 
required to compute its cost. Coated optics supplied as standard 
equipment include 5 objectives, 4 photographic eyepieces and 3 
pairs of visual! eyepieces. These give a magnification range of 
25X-2000X. Also included in the purchase price are the built-in 
3%" x 4%" camera and viewing screen; high-intensity illuminator 
for vertical, oblique, and transmitted light; variable transformer with 
both voltmeter and ammeter; accessories for transparent specimens; 
polarizing apparatus; filters; film holders; stage clips; cabinets etc. 
Optional extra accessories include Polaroid Land, 35mm. and movie 
camera attachments; low power (5X-40X) objectives for macro work; 
vacuum heating stage for temperatures to 1100°C and long working- 
distance 40X objective; ASTM Austenite grain size viewing screen 
and eyepieces; filar micrometer eyepiece; and additional optics. 


Such a combination of features, versatility, convenience, and value is 
indeed unique with UNITRON. Little wonder then, that more and more 
laboratories are choosing UNITRON .. . from the large organization 
adding another metallograph to its equipment, to the small company 
buying an instrument for the first time. 


FREE 10 DAY TRIAL 


UNITRON’s Metallograph and Universal Comera Microscope 
Model BU-11 with binocular eyepiece; objectives: M5X, M10X, 
M40X, 40X for transmitted light, 100X oil immersion; paired 
visual eyepieces; R5X, KelOX Micrometer, Kel5X; photo eye 
pieces: 10X, 15X, 20X, Micrometer; etc., as described above. Please rush UNITRON’s Microscope Catalog aL 


Monocular Model U-11 Company 


Address 


City State 


THE TREND TO UNITRON 
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NEW LEADED STEELS 
FROM RYERSON 


Now, machine parts faster than ever before 


NEW LEDLOY 170 TUBING 


average machining speed 170 surface feet per minute 


Here’s the fastest-machining steel tubing ever produced 
—and only Ryerson has it available for immediate ship- 
ment from stock. Ledloy® 170 is a cold drawn, seamless 
product of low carbon analysis with .15% to .35% lead 
added. It promises a minimum increase of 25% in pro- 
ductivity of machined parts or components. Sizes range 
from 1” to 2%" O.D. with maximum %” wall thickness. 
Other sizes can be supplied promptly. 


Purt produced from Ledioy 170 Tubing for 
machining-comparison at National Metal Show. 


NEW LEDLOY 375 BARS MACHINING COMPARISON* 


Ledloy 170 Tubing vs. Nonleaded Tubing 


average machining speed 375 surface feet per minute Ledley 170 Mt-1015 


This newest addition to Ryerson free-machining screw Speeds Feeds Speeds Feeds 

. steel stocks is the world’s fastest-machining steel. As- Conter ditt 172 afm. 005" 110 afm. 003" 
mn signing the figure 100 to B-1112 and using this as a base, 

ag Ledloy 375 has a machinability index of 205 plus. It Form tool 172 s.f.m. 0008" | 110 s.f.m. 0008” 

" rates about 64% higher than B-1113 and about 20% Boring tool 172s4m. | 007" | 110stm. | 007" 

higher than Ledloy 300. i 

375 bars presently in Ryerson stocks include = 


rounds in sizes from 4” to 1”, hexagons 4" to %”". Thread 27 s.f.m. 

Ask your Ryerson representative for complete details 
on these new steels. And call Ryerson for an unequaled 
selection of cold finished bars and tubing, including the Production time | 35 seconds 49 seconds 
largest stocks of Ledloy 300 (also known as Ledloy A) 
and Rycut® leaded alloys—the fastest machining in 


their carbon ranges. 
RYERSON STEEL 


Member of the Shang Steel Family 


20 s.f.m. 


Top 18 s.f.m. 12 s.f.m. 


* As demonstrated at National Metal Show, Cleveland, 1958. 


Principal Products: Carbon, alloy and stainless steel — bars, structurals, plates, sheets, tubing — aluminum, industrial plastics, metalworking machinery, etc. 
JOSEPH T. RYERSON & SON, INC. PLANTS AT: NEW YORK * BOSTON * WALLINGFORD, CONN. « PHILADELPHIA * CHARLOTTE * CINCINNATI « CLEVELAND 
DETROIT © PITTSBURGH ¢ BUFFALO « INDIANAPOLIS * CHICAGO « MILWAUKEE « ST. LOUIS « LOS ANGELES *« SAN FRANCISCO « SPOKANE « SEATTLE 
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Critical Points 


Homogeneous Steel 


To Prrrssurcu — Churchill Borough, rather 
—to visit my old friend Howard Scott, chief 
metallurgist of Westinghouse’s Research Labora- 
tories, and spend a day discussing steel quality — 
especially in the immense forgings now used in 
electrical generating equipment. While his firm 
has avoided any of the unfortunate and disastrous 
generator failures during the last few years, 
some rotors have had to be replaced at no little 
expense because creep under operating stresses 
changed their dimensions enough to cause inter- 
ference at necessary clearances. Likewise there 
is an insistent demand from designers for turbine 
rotors which can operate safely when the maxi- 
mum rotor temperature exceeds 950° F., or for 
generator rotors which will withstand fracture 
at the higher centrifugal stresses at quite mod- 
erate temperatures. 

Although you confine your attention to a single 
steel analysis (0.30 C, 0.60 Mn, 0.20 Si, 2.75 Ni, 
0.50 Mo, 0.10 V, one of those long used for large 
forgings), there are a multitude of manufactur- 
ing variables which influence the many metal- 
lurgical variables which in turn influence the 
several physical and mechanical tests which may 
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or may not be closely related to the critical cri- 
teria for design and safe operation, and Scott says 
that important leads were discovered in the met- 
allurgical literature which at first glance had 
small relationship to the problem. For example, 
uniform extension in a tensile test piece seems 
more significant than equivalent elongation in an- 
other quality of steel which necks more sharply 
at fracture. Thus, more information is needed 
than the conventional ductility percentages. 

The reader must always bear in mind that the 
forgings under scrutiny are very massive, weigh- 
ing tons, and therefore of such size that the many 
expedients available for small parts which can 
be rapidly quenched are unavailable. The opti- 
mum microstructure of strong ste el — tempered 
martensite — cannot be produced; the best that 
can be achieved is a uniform distribution of fine- 
grained bainite with minimum ferrite in the 
matrix. Even that is far from easy. 

During the forging operations, these large in- 
gots are above 2200° F. for at least 48 hr., so there 
is opportunity for substantial homogenization. 
Such treatments must be simulated in the labora- 
tory to obtain consistent and meaningful test re- 
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Left — Cast in water Center — Cast in water cooled copper Right — Cast in water cooled cop- 


cooled copper mold slight- mold, not tapered, flat copper base with per mold, not tapered, steel base 
ly tapered; big end a central steel starting plug inserted into which the ingot was fused, 


down; dished copper base 
containing a few steel 
chips for starting arc 


Diametral Cross Sections of Bottom Portions of 
12-In. Round Ingots, 6 Ft. Long, Etched With 
Ammonium Persulphate to Show Dendritic Crys- 
tals. These ingots were made by vacuum arc 


sults. Subsequent heat treatments must also be 
selected to avoid excessive grain growth. Fur- 
thermore, a substantial gain in creep ductility re- 
sults from grain refinement of turbo rotor steel 
even though some loss in creep-rupture strength 
is incurred. Advantage is now being taken of 
this fact to improve the performance. 

From among the many other important con- 
siderations which cannot be discussed in a short 
“Critical Point” (not least of which is improved 
chemical analyses ), the Editor’s appraisal is that 
the final steel must be as nearly isotropic as pos- 
sible. Inherent in that statement is the idea that 
the steel must certainly have no internal defects 
and be as free as possible of inclusions and stress- 
raisers. This means clean steel, very low in solid 
or gaseous impurities, and with a minimum seg- 
regation of constituents along dendritic bound- 
aries — cast without dendrites, if such be pos- 
sible. Fortunately for this investigation, Westing- 
house has its own metallurgical pilot plant with 
vacuum melting furnaces at Blairsville, and en- 
joyed the full cooperation of United States Steel 
Corp. and Universal-Cyclops Steel Corp. possess- 
ing larger equipment. 

First, an 80-ton heat of basic electric steel for 
a generator rotor was made at Duquesne Works 
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and through which the molten 
steel was vibrated ultrasonic 
ally until completely solidified 


casting of 8-in. electrodes of Ni-Mo-V_ forging 
analysis, basic electric steel, vacuum poured. 
Electrical, vacuum and other metallurgical condi- 
tions as close in all three as practically possible 


by double-slag process which drives the sulphur 
and phosphorus to less than 0.015% each. This 
heat was then vacuum cast to reduce the hydro- 
gen to less than 1 ppm., and forged into a rotor 
blank. Bottom stock taken from this blank was 
then forged into eight electrodes, 8 in. diameter, 
15 ft. long, for are casting experiments. Although 
this is undoubtedly a high-quality heat, it still 
retained some oxygen, which like sulphur is 
particularly detrimental to transverse ductility. 
A basic question is: How much can transverse 
ductility be improved by removing the oxygen 
retained in the heat? 

This was done by are casting in vacuum. The 
furnace is a tall evacuated cylinder, high enough 
to hold a 12-in. water cooled mold, 7 ft. long, and 
the 15-ft. bar (electrode), which melts drop by 
drop and transfers through the arc to a molten 
puddle of steel in the mold below. While the 
steel is molten, there is ample time and chance 
for the carbon to reduce the oxide, and the oxy- 
gen or carbon oxides to be sucked out of the melt 
by the vacuum pumps. This process forms an 
ingot 12 in. in diameter and 6 ft. long. It should 
be quite free from impurities and stress-raisers, 
but on sectioning and etching very pronounced 
columnar crystallization was discovered, a matter 
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which was not corrected by double melting (re- 
peating the process) even into a larger 16-in. 
mold. This of course would mean banded struc- 
ture and directional properties in the forging, 
caused by segregation of the alloying elements. 

Then came the inspiration: Crystallization 
could not be nucleated by inclusions (that intro- 
duces stress-raisers). Why not break up the 
growing crystals mechanically by shaking the 
mold? That scheme had been tried decades ago 
and discarded as worthless. But why not do it 
in the modern way — ultrasonically? 

So a large ultrasonic transducer was built and 
put into the vacuum furnace. On it was put 
a steel stool and the first arc-deposited metal 
welded into it. The transducer then vibrated 
the molten metal, not the mold. 

It worked! 


crystals! 


Such an ingot has small equiaxed 


Missile Testing 


The Army Ordnance Association recently held 
a meeting at White Sands Missile Range, some 
50 miles north of El Paso, and judging from the 
attendance one would guess that half the com- 
panies listed on the New York Stock Exchange are 
making items for these complicated projectiles! 
Of course some of them aren't so complicated; 
I suppose a bazooka is a missile 
sense that the “Honest John” is merely a war- 
head thrown by a rocket rather than by exploding 
gunpowder and is therefore a substitute for long- 
artillery. At the other extreme of com- 
plexity is the intercontinental ballistic missile 
called the “Atlas” which travels at Mach 15, 
whose early flight is controlled by radio com- 
mands and then an astronomical system takes 
over to guide it to its target. Whether or not 
this will make the jet bombers of the Strategic 
Air Command obsolete depends upon opinion. 
A friend in the Air Force took pains to point out 
that an Atlas costs about as much as a B-36 (the 
Strategic 


in the same 


range 


Air Command's work horse) and _ it 
can't come back. 

White Sands is only one of several busy sites 
operated in southern New Mexico near El Paso 
by the Defense Department, and all of them 
together have changed that quiet border town 
into a brassy neon-lit center of 275,000 people 
in little more than a generation. However, the 
same sun blazes down through cloudless skies 
and the same Mexicans gossip on the benches 
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around the plaza. Near El Paso is Biggs Air 
Force Base, one of 59 of the world-wide Strategic 
Air Command, one-third of whose aircraft are 
armed and either in the air or ready to fly within 
15 min. There is Fort Bliss, once for cavalry, 
but now given over to training soldiers for the 
Nike fortresses many American 


cities, and also there is McGregor Range, 


surrounding 
where 
squadrons are given “refresher” courses by actu- 
ally firing the missiles at flying targets. 

White Sands Missile Range, even though under 
Army command, is a joint proving ground for 
Army, Navy and Air Forces. A missile is a 
no matter how launched, and requires 
the same 


missile, 
general types of tracking and com- 
mand equipment. Only those of relatively short 
for the area is but 100 
in fact the 100 miles 
About 10,000 
people (more than half of them civilians) are 
employed. 


range can be tested here, 
miles long by 40 miles wide; 
is even now too short for comfort. 


Numerous laboratories are available 
to the services or any of their contractors to make 
all manner of tests on components or subassem- 
blies. One unique building houses an instrument 
“library,” where millions of dollars’ worth of sci- 
entific equipment are available for short loan. 
Civilian firms are nearly always responsible 
for the design and construction of missiles — for 
example, Western Electric and Bell Telephone 
Laboratories the three Nikes. Once the design 
details are approved and the assemblies com- 
pleted, a lengthy series of tests, running up to 
500 in number, is necessi iry to prove its accepta- 
In an 
actual firing test, dozens of observation stations 
down-range track the missile 
optically, by radar or radio, and by sound ( pres- 
sure) waves. 


bility under all conditions of operation. 
simultaneously 


Coordination of this mass of in- 
formation and its translation into performance 
We were 
told that a computer system is being perfected 


data are correspondingly complicated. 


which can solve an equation relating the six 
degrees of freedom and thus predict the flight 
pattern, and it is hoped that this will cut the 
number of required tests to nearer 50. 

Even after a missile like the Honest John is in 
production, acceptance tests are made on regular 
schedule. Individual parts are selected at ran- 
dom from production lots and assembled into 
missiles at the Range, and then fired under full 
scrutiny. The people at White Sands are confi- 
dent that one of their great advantages is that the 
target is always under observation and a misfire 

can be recovered and the reason for malfunction 
often determined. 
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Those attending the meeting watched the firing 
of several missiles at targets far too distant to see 
even with good binoculars, and were told that 
each target was hit. Since we were assured that 
the anti-aircraft projectiles were fast enough to 
catch up with any piloted aircraft now flying, one 
should be assured that our defenses are strong. 
But one views with mixed feelings all this show 
of power and the rate at which it is proliferated. 
Remember World War I (the war to end war)? 
At its beginning the airplane, made of wood, fab- 
ric and wire, flew at about 100 miles an hour 
and was good only for observation. World War 
II, 25 years later, saw the all-metal bombers and 
fighters at 250 miles per hour, and (at its end) 
the birth of the jet engine. By 1965 (another 
generation later ) we can expect Mach 2.5 fighter- 
bombers of titanium or stainless steels and Mach 
15 homing missiles! 

Meanwhile the power of explosives has in- 
creased a million fold. These developments are 
absorbing an increasing proportion of our re- 
sources and scarce brain power. Where can it 
end? Diplomacy is as a turtle to technology's 
race horse. By the time the ambassadors can 
agree on any plan to avoid dangerous emergen- 
cies, they are talking about past history, for the 
scientists and engineers have created an entirely 
new environment. 

The soldiers, sailors and flyers in the El Paso 
region are optimistic, and apparently feel that 
we are so much more than a match for the Rus- 
sians that they dare not start anything. I hope 
the Russians agree, and do not send any Sputniks 
our way. However, we are in an arms race, at 
least as far as missiles are concerned, and did any 
arms race ever end in anything but war? God 
save us from the. madman who pushes the button! 


Design Allowables 
in Weldments 


The Editor thoroughly enjoys the annual meet- 
ings of the Atomic Energy Commission's Welding 
Committee, for Frank Davis, the chairman, al- 
ways presents important topics to discuss and a 
first-class group of engineers discusses them with 
no holds barred. The recent meeting at Rich- 
land, Wash., was no exception. At one session 
the problem of “design allowables” was on the 
table and two sides took strong but divergent 
stands. In these comments there is no need to 
identify the disputants or even the alloy. 
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Sufficient to say that on one side was an im- 
portant consumer of top-quality weldments and 
on the other were representatives of a large con- 
tracting shop who received strong support from 
the producers of the metal. This can be identi- 
fied as an age hardenable alloy long and widely 
used for high-grade items. A large amount of 
data has been published about its physical prop- 
erties in various conditions. Reported results 
are quite consistent and recognized as such by 
various specifications and codes. Let us say that 
the expected tensile strength of butt welds in 
half inch plate after specified heat treatment is 
S psi. This would be the proper “design allow- 
able” (in the view of mill metallurgists and weld- 
ing engineers) and the designer should divide 
this by a chosen factor of safety and the vendor 
and purchaser should check the integrity of the 
joints by proper inspection during manufacture 
and after receipt. 

Now comes an important consumer who is dis 
mayed at the variable results of tests performed 
in a quality control program, and finally came to 
the conclusion that either the accepted design al- 
lowables are too high, or that even the most strin- 
gent radiographic, penetrant and visual inspec- 
tion cannot spot a quite deficient joint. To check 
this tentative conclusion he designed something 
called a spacer on the blue print, made up of 
four different thicknesses of plate and sheet 
joined with butt and lap welds. Plates were 
bought under competitive bidding from each of 
eight contracting shops, it being specified that 
the pieces should be heat treated according to 
code. Half of the shops were asked to furnish 
the parts to Class I-A inspection (highest qual- 
ity) and the other half of the shops to Class II-B 
(visual) inspection. The consumers own shop 
made similar “spacers.” On delivery the “spacers” 
were cut into conventional test pieces and several 
hundred tensile tests made and tabulated. When 
these results were plotted by categories of 
strength, as would be done to determine a proba 
bility curve, the diagram showed that the proc- 
esses were completely out of control. When an 
arithmetic average was taken, the tensile strength 
of these heat treated butt welds (Class I-A and 
Class II-B as a group) came out as 0.65 psi. 
The investigating firm now proposes to use 0.6 $ 
instead of 1.0S as the “design allowable” of 
butt welded, heat treated parts, and justifies the 
averaging of high values with low on the basis 
that a single seam may have weak spots, but 
alongside there will be enough strong weld to 
support the below-par portions. 
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“No, no”, cry the metal men, “don't degrade 
this good alloy!” “Dirty pool”, say the venders, 
“why didn’t you say you were buying test pieces 
“Don't penalize the whole 
welding industry for the sins of a few careless 
” “What's the matter with your inspection?” 
is another rejoinder; “You should have been able 
to throw out the bad samples and not mix the 
good with the bad.” About all that received 
acceptance of everyone was that hand welding 
is more variable than machine welding, and that 
the very best guarantee of high-grade work is 
close and expert supervision by foremen on the 


rather than spacers?” 


shops! 


job as it is being done. 

\ heartening result was the appointment of a 
small committee with Alcoa’s G. O. Hoglund as 
chairman to dig further into this very important 
problem. If the Editor may be permitted a guess, 
it would be that this group will find that the 
published and unpublished tests on which the 
higher design allowables are based are heavily 
weighted with laboratory work done under prac- 
tically ideal conditions, or joints made by the 
highest grade of shopmen who knew (or 
guessed) that they were welding a test piece. 
In the meantime I can imagine times and places 
where it would be better to put a bit more metal 
into a part and get the part into service than to 
refine the design and wait for replacements of 
Average shop production is what the 
consumer really gets. In weldments the quality 
is also likely to be much more variable than a 


rejects. 


wrought product which gets all sorts of proof 
testing under the forge or in the rolling mill. 


Rolling Sheet 


in Kokomo 


because of their built-in 
toughness at high temperatures, are extremely 
difficult to forge. Rolling — particularly into the 
thin sheets prized for jet aircraft skins — is even 
more of a problem. Alloys such as these are still 
tough within the ne scessarily narrow hot working 
range; this deficiency is compounded by the 
natural tendency for sheets to cool rapidly to 
below this range and immovable. 
There's the rub: How do you get the sheets 
from furnace through rolls before they become 
too cold to deform? It isn’t easy, but it can be 
In fact, it is being done daily at the 
Haynes Stellite plant in Kokomo, Ind. Engi- 


become 


done. 
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neers and metallurgists have evolved some 
unique equipment which enables them to roll 
superalloy sheet almost as a routine. 

To the eye, it looks quite simple. Hastelloy 
ingots, which may vary in length but are no 
more than 5 in. thick, travel from the furnace at 
2200° F. to the three-high roughing mill. Rolling 
to plate is rapid; there is no delay for roll reversal 
in the strongly built mill since the rolls never 
change direction. Instead, the run-out table lifts 
to return the plate between the center and the 
top rolls after it is compressed between bottom 
and center. This continues back and forth until 
the plate is 3 in. thick. 

Air cooling, pickling and conditioning follow, 
after which the plates are conveyed to a specially 
Among the features of this 
carry the 


built roller hearth. 


furnace are the hearth rolls which \ 
plate; they are individually water cooled since 
they must withstand 2150°F. The critical exit 
rolls are covered with Hastelloy 
plate travels to the end of the hearth, it gradu- 
ally heats to the rolling temperature. When hot 
enough, it speeds to the nearby two-high mill. 
This finishing stand is termed a “jump” mill — 
its bottom roll is driven, the top roll rests on it. 


and the space between the two is closely con- 


alloy. As a 


trolled by an adjustable screw on the bearings. 
Sheets down to 0.050 in. thick can be rolled by 
this mill. An additional feature is that each roll 
is continuously ground automatically so that the 
After the 


finished sheet is inspected, it is ready fur ship- 


sheet will have a scratch-free surface. 


ment. 

As a sidelight —and to give the designers a 
pat on the back — it might be mentioned that the 
major problem encountered during operation 
concerned the water cooled hearth rolls of the 
The 


for cooling at 


furnace feeding the finishing mill. salts in 
the hard available the 
Kokomo plant site settled on the inside and 
gradually closed the bore. Consequently, peri- 
odic cleaning was necessary. 
trouble still occurs but no- 
Otherwise, the 
equipment, which was designed for maximum 


water 


Recirculated city 
water is now used; 
where near as much as before. 


rigidity and strength, operated as expected. 
This superalloy sheet mill has been going for 
several years now. 
undoubtedly be of great aid in the development 
of faster jets and missiles so much in demand 
today. Even now, new Sendzimir mills at Ko- 
komo roll high-temperature alloys to the foil 
thickness needed in high-temperature sandwich 
structures for high-speed flight. C.R.W. 


Its continuing success will 
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Fig. 1—Test Bars Produced From New Alloy 
Iron Powder, Shown Before and After Stretching, 
Illustrate Ductility Characteristics. Parts in back- 
ground are typical components for automotive, 
appliance and hardware applications for which 
the low-alloy powder would be suitable 


What Carbon and Alloys Do 


for Tron Powder 


By S. R. CROOKS* 


New uses for powder metallurgy parts in structural applications 

subject to high loadings promise to be opened up by iron powder 
containing alloy and carbon additions. Powders are soft 

and easy to briquet; parts develop high strength with short sintering time 
and simple heat treatment. (H12n, H-general; Fe-a, ST) 


we surveyen fabricators of powder 
metallurgy parts in 1954 to determine their re- 
quirements for a better iron powder, our findings 
were discouraging. The concensus was that if 
powders are developed to extend the powder 
metallurgy horizon they must satisfy these 
criteria: 

* Parts must have a high tensile strength (above 
60,000 psi.) and be about equivalent to carbon 
steel. 

* A low dimensional change (less than 0.004 in. 
per in.) is necessary, so that distortion can be 
minimized, and tool design simplified. 

Standard sintering, pressing and processing 
techniques must be applicable so that it would 
not be necessary to develop an entirely new set 
of skills. 

* Assistant Head, Processing Div., Republic Steel 
Corp. Research Center, Independence, Ohio. 
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® Powder should be soft to minimize tool wear 
and to make it easy to get high densities and 
high strengths. 

* Higher elongation than provided by conven- 
tionally made parts is necessary. (The elonga- 
tion properties of a porous part are, of course, 
considerably less than those of a fully dense 
material. However, it was felt that the ductility 
must be raised above the 1 to 2% attained with 
available powders.) 

* The use of the powder should be economical 
to compete with present powdered metal or other 
methods of production. 

* The powder should be reproducible and _ its 
performance reliable. 

This was a formidable order, but after several 
years of work, we have successfully developed 
a low-alloy iron powder which satisfies all the 
above requirements. 
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The new powder can be sintered and heat 
treated to give parts in which tensile strength 
reaches 190,000 psi. When sintered in hydrogen, 
without carbon additions, parts are produced 
having an elongation of 23% 
strength of 42,000 psi. When re-pressed and 
sintered with carbon, the material will vield a 
tensile strength of 75,000 psi. with elongation of 
7 to S%. The dimensional changes accompany- 
ing these values are less than 0.4%. The han- 


with a_ tensile 


dling techniques are those in 
throughout the 
sintering temperatures and times, and heat treat- 
ments are according to accepted practice. We 
believe the powder will fill a need, particularly 
in the essential area of structural parts. 
Although powder has been used for making 
parts for years, its early promise — the potential 
extension to a wide variety of parts and applica- 
tions — has not been fulfilled. One reason: The 


common use 


industry; briquetting pressures, 


mechanics of powder compaction impose certain 
limits on the size of the finished article. Cer- 
tainly, the size of the press is an important limit- 
ing tactor. 

However, there is the feeling among fabrica- 
tors that inadequacy of the powders themselves, 
rather than the limiting of presses, is largely 
responsible for the slow growth of the powdere d 
parts industry. Over the years this led to a 
great deal of deve lopmental work, and the qual- 
ity of iron powder and of nonferrous powders 
has been greatly improved. 


New Horizons for 


Design engineers and metallurgists should 
take a fresh approach to possibilities of using 
powder metallurgy parts in structural applica- 
tions. A new low-alloy iron powder offers these 


pre yperties: 


1. Tensile strength of 60,000 psi. min. at a 
sintered density of 6.4 g. per cc., when used with 
carbon. 

Tensile strength of 110,000 psi. min. at 6.5 
sintered density, when heat treated. 

3. Shrinkage of less than 0.005 in. per in., at 
density above 6.4 g. per cc., 
heat treated. 

4. Tensile elongation of 6 to 8%, in as-sintered 
condition, after annealing and re-pressing. This 


either as sintered or 
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Parts 


made with copper mixes or by infiltration, for 


But many basic problems remained. 


example, still are limited in physical properties, 
even though these limits have been extended up- 
ward so that they approach the lower ranges of 
wrought mate ‘rials. A combination of copper 
and graphite with iron powder gives compacts 
with fairly high strength, but inherent  brittle- 


ness has restricted the use of this mixture: 
European Practices 


Other limitations on application of powder 
metallurgy to high-strength structural parts are 
those imposed by sintering temperature and 
time. European fabricators often use higher tem- 
peratures (2200 to 2500° F.) 


may frequently be extended to as much as 3 hr. 


and furnace times 
These treatments give parts having a density and 
performance which approach that of wrought 
materials. 

High temperature and long furnace time, how- 
ever, have not been acceptable to American 
industry, where high production rates are con- 
sidered essential for economic reasons. I song 
sintering time reduces the furnace capacity, 
which negates in large part the benefits of high- 
volume operation associated with powder metal- 
lurgy. Capital costs for such furnace installations 
are considerably higher than for conventional 
powder metallurgy installations. 

Thus, the hoped-for invasion of the field for 
small, moderate and high-strength structural 


Powder Metallurgy 


ductility is accompanied by a strength of at least 
75,000 psi. 

Tensile elongation of 20% or more, at tensile 
strength of 45,000 psi. for re-pressed bars with- 
out carbon addition. 

6. Tensile strength of 180,000 to 190,000 psi., 
in heat treated condition, after annealing, re- 
e's and sintering. Elongation is 1.5%. 

A tensile strength of 100,000 psi. with 4% 
dentin for a compact which has been an- 
nealed, re-pressed, sintered, heat treated and 
then drawn at 1200° F, 

8. Powder is easily briquetable and has high 
strength. Properties above are developed with 
short sintering time at conventional tempera- 
tures. Simple heat treatment gives high strength. 
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2 — Properties of Iron Powder 


Containing Carbon. Additions: 1% 
graphite; 1% lubricant (zine stearate) 


Elongation, 


parts by powder metallurgy has not taken place. 
The industry has had to be content with a slow, 
although steady, growth as applications have 
opened up within the limited area of strength 
and performance. 

It was against this background in the early 
1950's that metallurgists at Republic began a 
serious examination of an idea which had often 
been expressed in metallurgical circles: The 
future of iron powder metallurgy lay in the direc- 
tion already taken by steel, where carbon is the 
main additive, and where properties desired for 
a finished product or part are achieved by heat 
treatment. 

The survey, already discussed, was then made 
to establish the parameters more clearly. A pro- 
gram got under way to develop a powder which 
would give the desired properties when sintered 
with carbon alone. The first step was the selec- 
tion of a proper raw material. The source 
selected was roll scale from our rolling facilities. 


Iron Powder Plus Carbon 


Data in Fig. 1 show the general behavior of 
iron powder when sintered with graphite. It can 
be seen that tensile strength varies from 40,000 
to 65,000 psi., depending upon whether the part 
has been made at high or low pressure. 

This strength range is close to that of carbon 
steel and is better than that of sintered iron- 
copper powder mixtures. However, the strength 
is still somewhat below that of copper-graphite- 
iron compacts, but it does not give the brittleness 
of these mixtures. Another point: While the 
tensile strength is less than that of an infiltrated 
piece, the cost of manufacture is substantially 
below the cost of infiltration with its double 
sintering. 

A major advantage shown by this graphite- 
iron mixture is the nearly zero dimensional 
change. This means that tools can be designed 
essentially to blueprint dimensions, rather than 
requiring allowance for the sometimes erratic 
growth exhibited by copper additions. The 
powder is as soft as those generally available. 
The sintering atmosphere may be either 
scrubbed, exothermic gas or cracked natural gas. 
The dew point of either gas must be held at the 
proper level to maintain the desired final carbon 
content. This practice is the same as for steel, 
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Fig. 3— Properties of Low-Alloy lron 
Powder. Alloying elements 2% Ni, 0.5% 
Mo, and 0.3% Mn. Additions: 1% graph- 3 
ite and 1% lubricant (zine stearate) 6 
2 
where precautions must be taken to avoid oxida- € 
tion or decarburization during treatments. ¢ 
Where strength is an important criterion, how- 3 ; 
ever, it was evident that the strength ceiling on $ 
this powder was definitely limited, even though 5 
the ease of reaching the ceiling had been im- 
proved. With conventional steel practice still P 
our guiding concept, we turned to alloys. The 32 
goal was to find methods of incorporating alloy- 2 0 
ing agents into iron powder to raise the strength 25 2 
ceiling above the existing level, without going VY — 
outside the limits of economics or processing Tas 
practices acceptable to the industry. Z 
Alloy Powders 5-0 6 
100 
‘Two basic approaches were open: first, the use 2 
of a pre-alloyed material, which by atomization 2 80 
and proper treatment could be made into a = © 
powder. Second, the alloy could be formed dur- & 60 
ing the manufacture of the powder. The latter 2 
procedure was inherently more difficult, because S 40 
no melting occurs, and solid-state diffusion alone D 
would control the quality and extent of alloying. = 20 
The field of atomization and treatment of pre- S $5 6.0 6.5 7.0 
alloyed powder had already been explored © Green Density, G. per Cc 
widely. For this and other reasons, we decided 100 ; 
upon the second method for trial. | | 
Early in our work, we found that high 
strengths could be achieved using alloying ele- 
ments such as nickel, cobalt, molybdenum and 80 
tungsten with iron. Unfortunately, high strength 2 
was also accompanied by shrinkage, which was 8 Cu Infiltrated 
completely outside a reasonable range. The in- = 
vestigation then narrowed down to finding al- € 60 1010 Steel ‘ 
loying elements which would retain the high ¢ e 
strength, but reduce dimensional change to ac- = 5 8 
ceptable levels. 
\fter extensive work, we decided on iron & 5 
powder containing 2% Ni, 0.5% Mo and 0.3% Mn. - dens 
After thorough testing at the pilot-plant level, we Pee es 
moved up to production lots. The alloying ele- 
ments are added during final steps of processing 20 0 
the iron powder. The properties of the alloy 55 6.0 65 70 
powder in simple pressing and sintering are Sintered Density,G. per Cc. 
shown in Fig. 2. These values were derived Processing Conditions 
from M.P.LF. (formerly M.P.A.) tensile bars Sintering Temperature F. 
which were pressed ever a range of pressures Sintering Time 30 Min. 
and then sintered in endothermic gas for 30 min. 
at 2030° F. Air: Gas Ratio 2.5:1 
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Table 1— Typical Properties for Heat Treated* 
Parts Made From Alloy Iron Powder 
Containing 0.6% Carbon 


powders; parts made from the alloy powder 
can be handled in the same way as other 
iron powder parts. Study of the curve 
on briquetability reveals that the alloy 


BRIQUETTING SINTERED Tens DIMENSIONAL powder is easily pressed and has a favorable 
PRESSURE DENSITY STRENGTH CHANG! pressure-density curve. This means tool 
60,000 psi. | 6.4 g. per ce. | 110,000 psi. 0.46 wear is in line with conventional powders 
80,000 6.6 125,000 0.3 and design of dies can follow established 

100,000 6.8 140,000 0.2 patterns. The elongation properties are not 
120,000 6.9 152,000 0.18 


*Heat treating procedure: Soak for 10 to 15 min. 


Table I — Properties of Re-Pressed Sintered Parts 
Made From Iron Alloy Powder 


Carbon addition 0.40% 
Sintered density, g. per ce. 7.4 7.38 
Elongation 22% 8°, 

Tensile strength, psi. 45, 000 75,000 
Dimensional change 0.10% 0.35% 
Atmosphere hydrogen endothermi 


Processing conditions: 
Briquetting pressure, 40 tons per in. 
Re-press pressure, 40 tons per in 
Annealing temperature, 1275° F. 
Sintering temperature, 2030° F. 
Sintering time, 30 min. 


Atmosphere, endothermic gas with 2.5:1 air:gas ratio. 


Dew point adjusted for 0.4% C by electrodryer. 


unusually high, but the density of the com- 


at pacts is markedly less than that of a wrought 
1600° F., oil quench at 135° F., draw at 500° F. for 30 min. 


article — from 80 to 90% of full de nsity. 

The values in Table I are representative 
of a heat treating cycle which consists of 
soaking for 10 to 15 min. at 1600° F., quench- 
ing in oil at 135° F., and drawing at 500° F. 
for 30 min. This procedure has been found 
to be about optimum for the alloy powder, 
although small variations in tempering and 
soaking temperatures are’ not significant. 
The strength values shown in Table I are 
accompanied by relatively low elongation 
values — in the range of 1 to 3%. Apparent 
hardness values are Rockwell C-35 to 40, 
although microhardness values are consider- 
ably higher, approaching C-50 to 60. 

While the mechanical properties given in 
Table | show a higher strength than is 
normally obtained in parts made from pow- 


Table III — Properties of Re-Pressed Heat Treated Parts der, the properties are still those of a porous 


Made From Iron Alloy Powder 


Carbon addition 0.4% 0.6% 0.4% 

Draw temperature 350° F. 500° F. | 1200° F. 

Sintered density, 730006; «7.27 
g. per cc. 

Elongation 1.5% 5% 5.5¢ 

Tensile strength, psi. 190,000 | 187,000 | 95,000 

Dimensional Change | —0.34% | —0.45% 0.50¢ 


Processing conditions 
Briquetting pressure, 40 tons per in. 
Re-press pressure, 50 tons per in. 
Annealing temperature, 1275° F. 
Sintering temperature, 2030° F. 
Sintering time, 30 min. 
Atmosphere, endothermic gas, 2.5:] air:gas ratio. 24° 
dew point. 


The curve relating tensile strength to sintered 
density shows that the simple press-sinter oper- 
ation gives strength values equal to or above 
copper infiltrated parts, unless infiltrated parts 
are carefully heat treated and processed. Dimen- 
sional change curve shows that the shrinkage is 
within the limits laid down by fabricators when 
the density goes above 6.3 g. per cc. 

Green strength is comparable to ordinary iron 
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material. Since the physical properties of a 
compact, generally, are directly related to its 
density, higher densities should give in- 
creased strength. However, because of tool 
and press limitations, and also because the 
briquetting pressure is an exponential func- 
tion of the density, higher pressures were 
discounted as a route to higher densities. 
An annealing-repressing cycle instead was 
employed for reaching the higher values. 


Improved Properties 


A new field in powder metallurgy is 
revealed by the values shown in Table IL. 
A pioneer in this industry once said that the 
strength of 1010 steel with 10% elongation 
would open up a vast number of new applica- 
tions for powdered metal. The data in Table II 
describe such a powder; in addition to the 
strength and ductility, the shrinkage is within 
limits. The simple press-repress cycle adds 
somewhat to the cost of making parts. The an- 
nealing step prior to re-pressing is accomplished 
at 1275° F. (to avoid any possible formation of 
austenite) and re-pressing is done in the same die 
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or one identical to the briquetting die. Sintering 
is performed as it is now done within most plants 
at 2030 to 2050° F. 
atmosphere. 


for 30 min. in an endothermic 


It is believed that broader consideration in 
engineering design can be given to parts with 
properties shown in Table IIL than previously 
possible. Strength properties are high, shrink- 
ages are low and processing steps are relatively 
simple when compared to operations required 
to reach the same values by other means. 

Heat treatment of re-pressed pieces is done 
by soaking at 1550 to 1625° F. (depending on the 
carbon content) for 10 to 15 min. They are then 
quenched in oil at 130 to 140° F., and drawn at 
350 to 1200° F. 
compacts with high strength and hardness, while 
high-temperature 


Low-temperature draws give 


draws vield 
with higher ductility. 


lower strength 
y. Full-scale testing to eval- 
uate fatigue strength and impact properties is 
now under way. The available data indicate 
that the 


compacts which have been pressed, sintered, and 


endurance ratio will exceed 0.4 for 
heat treated with density of about 6.6 g. per cc. 
As vet we do not know what the fatigue proper- 
ties will be at higher densities of re-pressed bars, 
but it is felt that the endurance ratio will ap- 
og ach that of fully dense materials. Up to now 

have only studied impact strength for the 
baa density compacts. Here the results ob- 


tained were well below those of conventional 
steels, but it is believed that the higher density 
parts made by re-pressing will give impact prop- 


erties which will approach standard materials. 
Background for Research 


During studies which led to the development 
of our alloy powders, we found it necessary to 
Initial work was 


alloying of the 


depart from accepted thinking. 


aimed at complete elements 
How- 


work revealed that when com- 


which were added to the iron powder. 
ever, further 
plete alloying was attained by our method high 
shrinkage values were reached. 

It appeared that the character and extent of 
diffusion were the controlling factors in dimen- 
Work was then 
done to find the relationships between diffusion 
and shrinkage and diffusion and strength. It was 
found that by limiting the degree of diffusion to 
an optimum level the high strength properties of 


sional change upon sintering. 


the alloy powder were retained, and shrinkage 
This condition is illustrated 
in the photomicrograph shown in Fig. 4, where it 


was not a problem. 
is apparent that alloying is far from complete. 
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Fig. 4— Photomicrograph of Low-Alloy Iron Pow- 
der Shows That Alloying Is Far From Complete 


It is rather surprising that high physical 
strength is associated with what is apparently 
poor diffusion and dissemination of the alloy 
materials, but the fact is indisputable. While 
proof has not yet been obtained, we feel that the 
visible alloying is not truly representative of the 
actual alloying state. The method used to pro- 
duce the powde r has possibly resulted in a degree 
of alloying which is not resolved by the micro- 
scope, but which governs, to a great extent, the 
final strength of the compacts. Further work is 
under way to establish reasons for the high 
strengths of compacts made from alloy powders. 
In view of superficial alloying, the response to 
heat treatment is surprisingly good and hard- 
enability is excellent for so porous a material. 

Because 


fabricating experience at Republic 


is limited, we felt it was desirable to consult 
representative manutacturers of powdered parts 
to confirm our findings. The tests were substan- 
tiated, and our alloy powder is now being evalu- 
ated for use in parts which had previously not 
been considered for powder metallurgy. It is 


also being looked at as a substitute for infiltration. 
New Horizons 


Work is progressing in our laboratories to 
develop better alloys and to learn more about 
heat treatment and powder behavior under dif- 
ferent conditions. The limitations normally im- 
posed by briquetting pressure still exist, however, 
and except for rare instances where large pieces 
can be made, the powder field will generally be 
restricted to relatively small parts. But a study 
of the millions of small drive gears, cams, latches, 
pawls, and other items which are subjected to 
high loadings should reveal a great number of 
applications which can profit from the low scrap 
losses and precise fabrication technique asso- 
ciated with powder metallurgy. Se 
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Fig. 1 — Machined Cups and Cones Ready for Carburizing 
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Fig. 2—Over-all View of Cup and Cone Heat Treating Depart- 


ment. In the foreground are the rotary furnace and the high- 
temperature tempering fur.iace. The storage conveyer is at the left 


No Waiting in This Heat Treat Line 


By LEO N. EVERITT and CLARKE C, SYKES* 


In Metal Progress for June 1958, Timken’s plant at Bucyrus, Ohio, 

for automatic production of 27,000,000 roller bearings a year was described. 
Recently, the company unveiled its Columbus, Ohio, plant for 

railroad roller bearings. Here, as at Bucyrus, much of the success 

of automatic production is credited to a completely mechanized operation 


for carburizing and hardening. (J28g, W27g, 18-74, T7d; ST) 


Tue HEAT TREATING department at the 
Columbus, Ohio, plant of the Timken Roller 
Bearing Co. functions as a single machine to 
automatically process five standard lines of rail- 
road roller bearings. Cups and cones are car- 
burized, hardened and drawn with manual han- 


dling only at the start and finish of the entire 


DECEMBER 1958 


heat treating process. Figure 2 shows the setup 
as it appears in the plant. The equipment in- 


cludes two gas carburizers, one high-temperature 
*Heat Treat Specialist, Timken Roller Bearing 
Co., Canton, Ohio, and Supervisor of Mechanical 


Design, Surface Combustion Corp., Toledo, Ohio, 
respectively. 
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Palletizing Arec Quench 


Reheat Fig. 3 — Schematic Drawing 


for Finished Work Press and Feeder Hardening of Heat Treating Setup. Only 
Furnace 


Carburizing Furnace 


if Carburizing Furnace 


= = 
Loading Storage Songer 
Station 


tempering furnace, four combination “wash- 
rinse-dry” machines, one reheating furnace, two 
quench presses, and one low-temperature tem- 
pering furnace. These units are tied together by 
a handling system which includes several types 
of conveyers, transfer machines and other auto- 
matic devices. The _ installation is shown 
schematically in Fig. 3. 


Carburizing 


In actual operation, cups and cones (ma- 
chined from A.1.S.1. 3310 steel) arrive on pallets 
to the return and storage conveyer. One of the 
four men employed in the heat treating depart- 
ment loads two cups and four cones on each 
tray. These trays travel along the conveyer 
(Fig. 1) to the carburizing furnace loading sta- 
tion where they are automatically placed on one 
of two furnace charge cars; each charge car holds 
five trays. 

The furnace door to the vestibule is actually 
a plug-type door, integrally mounted on the 
end of the charge car. Since the end of the 
charge car serves as the door, the car seals the 
furnace as it enters on an automatic time cycle. 
At the end of each purging cycle, an inner door 
opens and the five trays are individually pushed 
onto each of the five rows of furnace rails. After 
the inner door is closed, the charge car backs out 
of the vestibule for reloading and immediate 
recharging. 

Pusher bars for each row push tray against 
tray to advance them through the furnace. There 
must be a full complement of trays for the 
furnace to function because each time five trays 
are loaded, five are automatically discharged, 
one tray at a time. There are 29 trays in each 
row. When the work is ready to unload, the 
inner door automatically closes, and stripper 
rods begin the discharging cycle. 
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Low-Temperature 
Tempering Furnace 


four men are needed for op- 
eration; they load and un- 
load the pallets, and monitor 
the recording instruments 


High-Temperature 
Tempering Furnace 


Each stripper has two pull-out bars which 
enter under the tray to lift it about 34 in. off the 
rail. When the stripper withdraws, the tray 
comes in contact with a bumper which forces 
it into the path of a push-out arm. The dis- 
charge door opens automatically. After the tray 
is pushed to an elevator located above the 
hooded oil quench outside the furnace, the dis- 
charge door closes. The elevator then lowers 
the tray into a 3-min. timed quench. 

When at the bottom, the tray moves across 
the quench tank and onto a “discharge elevator.” 
This rises and puts the tray on a drain table. A 
quench “pull-off” device forces the tr ay in con- 
tact with a limit switch which activates a dog- 
beam conveyer. The trays are advanced in line 
through a spray-washer, rinse and drver. The 
“dry” tray is automatically placed on a conveyer 
le “ading to the high-temperature tempering 
furnace. 

Like the carburizing furnace, this is also a 
five-row unit. Gas fired by suction-type radiant 
tubes, it heats 2150 Tb. of bearing components to 
1100” F. and holds them at this temperature for 
4 hr. This furnace is large enough to temper 
all work processed by the two carburizing fur- 
naces. An inert atmosphere, which is nonexplo- 
sive, nonoxidizing and nonsooting, protects the 


.work. The tray loads are quenched, one at a 


time, to cool the work sufficiently before exposure 
to outside air. Tempering of the as-quenched 
cups and cones helps maintain a relatively low 
austene content in the completed bearing parts. 

The tray is pushed from the conveyer to the 
tempering furnace loader. When five trays are 
collected, it automatically loads the charge car 
which carries the parts through the tempering 
and quenching and cleaning operations. 

The trays arrive at the rotary furnace and are 
channeled to a turntable which orients the tr: ivs 
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Fig. 4— Magnetic Load- 
ers in Pickup Position 
Shuttle car holds trays 
ready to load into furnace 


to position the parts under a set of electromag- 
nets. shuttle car, with the 
magnet’s motion, removes an empty hot tray 
from the rotary furnace. The magnets transfer 
two cups from the carburizing tray to the shuttle- 
car tray (Fig. 4). 


synchronized 


The shuttle car charges the 
tray into the furnace and removes the next empty 
tray from the rotary furnace. The turntable then 
rotates 90°, orienting four cones under the mag- 
nets, and the magnets transfer the cones to the 
furnace tray which is then charged by the 
This sequence (alternately loading 
a tray of two cups, and then a tray of four cones) 
is continued. Since the cups are always higher 
on the trays, even though the cones are stacked 
two high, they are always magnetically loaded 
and unloaded first. Cups and cones are loaded 
alternately to insure a continuous and _alter- 
nate flow of production. 


shuttle 


From the rotary fur- 


nace the parts are fed to two press-quench 
units, one for cups, the other for cones. 
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Features of the Rotary Furnace 


Leaving the cups and cones at the discharge 
end for a while, we will discuss the rotary 
furnace. It is a circular refractory hearth 
furnace operating on a conventional turntable 
principle. Fired by vertical W-type suction 
radiant burners, it reheats 25 complete sets of 
cold bearings per hr. to 1460° F., with 1% hr. for 
soaking in a protective atmosphere. 

Furnace trays are used to space the work 
properly for the press quenching operation. The 
quench press feeders must have cups (or cones) 
placed on trays large enough to space them to 
21-in. centers. If a conventional tray this large 
were used, the rotary furnace would need twice 
the floor space it now occupies. 


Therefore, spe- 
cially 


designed trays are used; they collapse 
before ente ring the furnace and expand while 
being removed from the furnace. 

Completely loaded, the rotary furnace holds 


44 sets of linked trays. Each set holds two cups 
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Fig. 5— Discharge End of Rotary Furnace. 
Two cups are in the left background ready 
to be loaded into the press fixtures by the 


or four cones. There are normally 40 sets of 
railroad bearings in the furnace and four empty 
trays between the discharge and the charge door. 
This separation of work prevents cooling of parts 
in the discharge position by the cold parts being 
charged into the furnace. 

If there is a work stoppage at the rotary 
furnace, or points beyond, work traveling from 
the tempering furnace automatically bypasses 
and is channeled directly to the storage con- 
veyer. This permits unimpeded operation of 
the carburizing and tempering sections, if the 
reheating process should need adjusting. 


Quench Presses 


And now, back to the cups and cones. Upon 
discharging, the shuttle car removes a set of 
cup-loaded trays from the furnace, the cups to 
be placed into the quench press. Because the 
quench rings are spaced on centers much greater 
(21-in. centers) than the spacing permitted by the 
furnace hearth (11-in. centers), the trays used in 
the rotary furnace are linked to form a single 
tray which can be extended to form a tray with 
a 21-in. center distance for pickup by the feeder 
mechanism. There are two separate feeders; 
one for the cup quench press and one for the cone 
quench press. 

The two arms take the parts from the trays 
and lower them into the rings. Oil, under pres- 
sure, performs the quenching operation. After 
the parts are quenched, they are drained and 


feeder head. Both are in the left foreground. 
At right, magnetic unloader takes quenched 
pieces te low-temperature tempering furnace 


placed on the discharge shuttle (Fig. 5). When 
hot work is pulled from the furnace, quenched 
work is automatically moved under magnets for 
transfer to belts. 


Low-Temperature Tempering Furnace 


After final reheating and quenching, cups and 
cones are washed and rinsed. The low-tempera- 
ture furnace tempers 25 complete sets of bear- 
ings per hr. at 325° F. with a total cycle of 2% 
hr. A fan circulates hot gases through the 
furnace at a rate of 800 cu.ft. per min. When the 
cycle is finished, the cups and cones are loaded 
on pallets to be conveyed to the finishing depart- 
ment. There, they are assembled into complete 
roller bearings. 

The carburizers use gas supplied by three 
Surface “RX” generators of 3600-cu.ft. per hr. 
capacity, with natural gas added to provide 
carbon potential. The high-temperature tem- 
pering furnace uses gas from an “NX” unit of 
5000-cu.ft. per hr. capacity. The rotary hearth 
furnace uses a combination of RX and NX gen- 
erator gases. 

Each carburizing furnace has six zones with 
gases entering the furnaces at several points 
and being circulated by five fans in the roof of 
each furnace. Operating temperature is 1700° F. 

Parts are conveyed on square, grid-type trays. 
They are designed to be used on both sides so 
that when normal distortion develops from con- 
tinued usage, the trays can be turned over. 


METAL PROGRESS 


+ 
= 


Fixtures, trays, rails, hearth plates, heating 
elements, pushers, and other parts used on the 
high-temperature furnaces are built of cast 
alloys, ranging from 9 to 60% nickel, and 21% 
chromium. Parts and handling mechanisms for 
the low-temperature tempering furnace are 


primarily made of cast iron and steel. 
Automatic Controls 


All automatic functions in this heat treating 
operation are controlled through a three-section 
panel connected with an audible alarm system. 
Lights mounted on one section represent the 
operating elements and indicate their status of 
operation. The other two sections display a 
complete wiring diagram of the system. Indi- 
cating lights on these sections of the plastic 
panel represent every electrical operating device. 
Recessed terminals in the plastic permit insertion 
of a probing instrument enabling the operator 

locate electronically the source of any dis- 
When the point of malfunction has 
been determined, the operator relays the in- 
formation over a public address system or by 
intercom phone to the attendant. 


turbance. 


All mechanical devices on the furnace (such 
as pushers, quench tank mechanisms, doors, and 
other operating 


equipment) can be operated 


manually when disconnected from automatic 


operation. This facilitates emptying the fur- 


nace for general maintenance. Temperature 
controls are located on two large panels extend- 
ing along one side of the heat treating furnaces. 
These panels contain 21 instruments, including 
Leeds and Northrup round charts, Speedomax 
recording controllers and two Leeds and North- 
rup strip chart recorders for dew point record 
of RX generator gas and carburizing furnace 
atmosphere. Also a Bailey combustibles meter 
monitors and controls the composition of the gas 
from the NX generator. All motor and other 
control switches are located on one panel. 

Since heat treating involves factors of time, 
temperature and chemical reaction at the sur- 
face of parts being treated, this installation in- 
corporates the latest equipment for automatic 
precision control. Time cycles are controlled 
by centrally located timing devices. Tempera- 
ture is controlled by Leeds and Northrup record- 
ing controllers. RX generator gas and furnace 
atmospheres in the two carburizers are con- 
trolled by Surface “Autocarb” dew point signal- 
ling controllers, in conjunction with automatic 
proportioning devices. 
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The carbon potential is maintained by using 
proportionate amounts of RX generator gas (at 
a controlled dew point) and methane (from 
natural gas). Four 
trollers are used with 
furnaces. 


“Autocarb” dew point con- 
each of the carburizing 
An additional unit is used at each of 
the RX gas generators. 

Carbon pote ntial of 0.95% + 0.05% is con 
stantly maintained in the furnaces by maintain- 
ing a dew point of 11°F. + 1°. The controllers 
do this by adjusting valves to supply the proper 
amounts of natural gas. These controls all help 
to maintain the case depth between 0.048 and 
(0.062 in., varying with the size of the bearing. 
Case concentration at the required depth is held 
at the 0.50% carbon level. 

Even with the assurance of automatic control 
equipment, the company continues constant test- 
ing. During the 


carburizing process, dew point 
readings are 


systematically taken, and 


plete gas analysis is also made. 


com- 
Tests are con- 
ducted to assure that correct case depth and 


carbon level are maintained. 


Ikmergency Power Source 


If the main power source fails, the personne! 
are alerted by warning lights, horns and othe: 
detecting devices. When that happens, an 
source can be cut into the main 
power panel. The main switch will activate a 
time switch 


emergency 


which changes the source of the 
power in 47 cycles. If primary power is re- 
sumed, it reconnects automatically. 

There are even provisions if this emergency 
power source should also fail. Since the heat 
treating setup would be forced to shut down, 
some power is needed to empty the furnaces. 
An auxiliary unit, comprising a motor generator 
powered by natural gas, can be cut into the 
system. This unit furnishes sufficient power to 
operate the door pushers and conveyers needed 
to shut down the 
manner. 


installation in an orderly 
This threefold power setup prevents 
damage to the equipment and saves material in 
process, in the event of total power failure. 


Control of the entire process is so completely 
automatic that bearing quality has practically 
become an automatic 


factor. Control keeps 
variations to absolute minimum, 


case depths 
are maintained, 


and carbon level from surface 
to required depth is more consistent. The con- 
tinuous operation and control of the process 
aids greatly in the production of uniformly high- 


quality bearings. 
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—that headline in a recent newspaper called 
attention to the meeting of the International 
Astronautical Federation held late in August in 
Amsterdam, Holland. Just as in many such 
notices of meetings here or abroad for several 
years, where propulsion systems for missiles, 
rockets, and space vehicles were discussed, there 
appeared a reference to “engines using atomic 
energy...” 


Projects “Pluto” and “Rover 


It has been no secret that atomic engines have 
been studied as proper equipment for primary 
flight propulsion by various governmental and 
civilian agencies in the United States. These 
engines could utilize either the fission process or 
the fusion process. The required research and 
development have been stimulated by Sputnik 
and his brothers. 

Prior to that time two exclusive studies were 
under way on two types of atomic propulsion 
systems. One was named “Project Pluto” (a ram- 
jet system) and the other 


“Project Rover” (a 
rocket system). 


These two projects were carried 
initially by the U.S. Atomic Energy Commission 
at the Livermore and Los Alamos Laboratories, 
respectively, with moderate support from the 
U.S. Air Forces and certain 
(among them being Atomics International, 
Martin Co., Wright Aeronautical Corp., Mar- 
quardt Aircraft Co., and Thompson Products, 
Inc.), either with or without signed contracts. 


civilian groups 


Propulsion Systems 


There are two major phases in space propul- 
sion. But first it might be well to define some 
nonmetallurgicel terms. Propulsion (either in 
our own atmosphere or in outer space) is a re- 
action as a result of waste, or rejection, or ex- 
penditure of matter. Thrust is the force in 
pounds acting longitudinally to propel the ve- 
hicle forward. . Generally it is measured in terms 
of specific impulse, which is the thrust received 
when propellant is burned at the rate of 1 Ib. 
per sec. 

Now to get back to space propulsion. 
first phase is a “booster phase” 


The 
project the 


*By Arthur W. F. Green, Technical Consultant, 
long chief metallurgist of Allison Engine Div. of 
General Motors Corp. Information from 
Before Joint Committee on Atomic 
Congress”, Jan. 22 to Feb. 6, 1958. 


“Hearings 
Energy, 85th 


Atomic Energy for Space Propulsion’ 


“Space Hot Rods May Zoom to Other Planets” 


750-lb. nuclear engine in a 


object or vehicle to a certain target on the ground 
or (alternatively) to place it into an orbit. This 
takes a very high thrust. The other is the “sus- 
taining phase”, once an orbit is at- 
tained. Here, low-thrust systems capable of 
operating for a long time are required. 


necessary 


Once an 
orbit is attained, gravitational forces are balanced 
by centrifugal forces, and the size of the sustain- 
ing phase is only that required to overcome 
friction or impact of the rarefied atmosphere or 
meteoric dust. A satellite orbit is a gravity-free 
and a satellite may be accelerated with 
little force. For example, the thrust re 
quired to get an intercontinental ballistic missile 
off the ground is 1.4 times its weight. If it were 


in orbit, the sustaining rate is one ten thousandth 
as much. 


system, 
very 


So much for the general idea. What energs 
source or propellants are available? They 
be chemical or nuclear. 

Chemical propellants are materials which burn 
rapidly in oxygen and produce a maximum num- 
ber of thermal units per unit weight. 
the oxygen is carried in the vehicle 
jet the oxygen is from ingested air. 


may 


In a rocket 
in the ram- 
The fuel and 
the oxygen may be either liquid, gaseous, or in 
solid compounds. The best combinations men- 
tioned in the published document are fluorine and 
hydrazine (N.H,), which when reacted with 
oxygen provide specific impulse of 300 to 400 or’ 
about 20% more than the best of the other com- 
binations of chemical propellants. Even this 
does not compare with the controllable specific 
impulse from nuclear reactors, which is cal- 
culated to be two to four times greater — that is, 
from 1000 to 1200. 

Speaking generally, the duration of a flight is 
limited by the supply of propellant gases 
whether heated by chemical reactions or by nu- 
clear fission. Interest in the latter comes from 
the belief that more net thrust greater 
velocity may be obtained because propellant 
gases of lower molecular weight can be used at 
higher temperatures. 


and 


Furthermore, the nuclear systems will provide 
desirable thrust for a vastly longe r time than any 


known chemical system. This will avoid second 


and third stages of thrust to attain desired speed 
and range. Study suggests also that a nuclear 
rocket weighs less than a chemical rocket for a 
given payload. 

One 


calculation finds that a device 


550,000-Ib. 


with a 


vehicle 


he 
. 
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could place the 100,000-Ib. nose cone of an inter- 
continental ballistic missile on a target 9750 
miles from launching. Or the identical vehicle 
could put a 100,000-Ib. satellite into orbit 230 
miles above the earth. This would require the 
propulsion system to run from 5 to 6.5 min. 
Compare this with the Vanguard vehicle, weigh- 
ing 21,000 Ib.. which put a satellite into orbit 
weighing only 0.1 
20 


of its gross weight (about 


Reactor Dev elopment 


\ reactor designated “Kiwi A” for Project 
Rover rocket system is expected to be operating 
in late 1958 at a Nevada testing site. 


high-temperature, 


This is a 
gas-cooled device of moder- 
ately high power density. Kiwi A is a land-based 
prototype, not expecte id to fly, and weighs about 
11,000 Ib. Initially helium will be the propellant 
gas, with the probability of using hydrogen later 
on. Propellant flow is to be controlled for outlet 
temperatures between 3500 and 5500° F. The 
time for the nuclear reactor to reach effective 
temperature for heat transfer to large volumes of 
gaseous propellant at high flow rates will be 
measured in seconds, and this suggests the need 
for a fast-acting control rod system if catastrophy 
is to be avoided. 

Another reactor, “Tory 2”, is being prepared 
for test at the Nevada site for Project Pluto (the 
ram-jet system). This device is a scale model of 
one for flight purposes. The difference in tem 
perature of the air from the ram-jet diffuser and 
the tail cone from the reactor is said to be “just 
fantastic 

It is evident that there are major problems to 
be solved for either the ram-jet or the rocket 
system. Among them are (a) materials for the 
nuclear reactors, (b) ingenious mechanical engi- 
neering, and (¢) nuclear physics, particularly 
rapid heat development and transfer and the sus- 
taining of such high temperatures. 

Other propulsion systems under study which 
were mentioned in the document under review 
include pulsed gaseous reactors, nuclear bomb 
explosions under confinement, and combinations 
of rods of fissionable material. 

Materials for the ram-jet reactor must be oxi- 
dation resistant, maintain desirable strength at 
5000” F. or more, and be compatible with high 
radiation intensity. Components of a nuclear 
system for rocket propulsion need not be oxida- 
tion resistant, since most propellants under con- 


sideration provide reducing atm« spheres. 


Carbides of zirconium or tantalum make 


promising reactor components. Tantalum car- 
bide retains desirable mechanical properties to 
nearly 7000° 
Tungsten cannot be used in an oxidizing atmos- 
phere. 


F. but it is not oxidation resistant. 


Fuel rods and many structural compo- 
nents will probably use ceramic materials but 
any such material worthy of consideration must 
have adequate strength up to at least 5500” F., 
resist oxidation, be impervious to fission frag- 
ments, and withstand thermal cycling. 
Secondary power sources will be required for 
satellite propulsion and for outer space travel. 
Projects now under way include “Snap” —a nu- 
clear power source to drive electrical equipment 
for a satellite; “Snap 1” — using radio-isotope 
cerium-144 or the 


radioactive metal polonium 
as heat source: 


“Snap 2° —a thermal reactor to 
generate electricity; and “Snap 3° — prob: ibly the 
most exotic of all. 


by the 


It is based on original work 


Russians, who used 


large number of 


thermocouple junctions in series to generate a 


continuous current. The device described very 
sketchily in the Congressional document uses 
“materials of mixed valence oxide” to form a 
thermopile and preliminary studies show that 
the efficiency of conversion of heat to electricity 
is 8%. This system, providing 3 watts of electri- 
cal energy for six months, weighs no more than 
10 lb., and it is thought that this is the nearest 
approach to the direct conversion of nuclear to 
electrical energy yet devised. 

Relatively small sources of secondary power 
are needed to operate recording equipment or 
send radio or television signals. Likewise a 
small extra thrust, long continued, would convert 
a satellite into a space traveller. Many exotic 
physical devices, including electric currents from 
photocells, have been suggested for this purpose. 
Obviously if atomic energy is used for secondary 
energy, the reactor should be comparatively 
light — probably less than 10 Ib. per kw. 

Intensive study has also been given to biologi- 

cal shielding during flight, and the protection of 

other components of a rocket, missile, or satellite 
from atomic radiation or cosmic rays. Another 
intriguing combination is at least one chemical 
stage for propelling an otherwise nuclear-pow- 
ered vehicle from the ground into those higher 
altitudes where the nuclear plant would take 
over with deletericus effects 
gamma and neutron radiation. 


minimum from 
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James Tucker MacKenzie 


1891-1958 


@ As this issue was going to press, we 
were saddened to learn of Dr. MacKenzie's 
untimely demise. American metallurgy has 
lost a great leader and a fine man. 


in 
a. 
iographical Appreciation 
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} 
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“Mister Cast Iron” is the apt and well-earned 
sobriquet given to James Tucker MacKenzie by 
his colleagues in the cast iron field. After nearly 
half a century devoted to research in this area, 
it’s a title that fits him even more suitably than 
his recent official one of technical director for 
the American Cast Iron Pipe Co. of Birmingham, 
Ala. For his contributions to cast iron metallurgy 
have been so wide and diversified that, although 
focusing on centrifugally cast pipe, they have 
covered the entire cast iron field. 

When Dr. MacKenzie retired two years ago, 
it marked 44 years since he stepped through the 
American Cast Iron Co. doors and into an analyst 
job. Fresh from the University of the South with 
two new degrees — a bache lor’s and a master’s, 
his predominant interest in cast iron metallurgy 
soon became evident and the company realized 
that their new analyst was no ordinary metallur- 
gist. He had an avid scientific curiosity, intel- 
lectual discipline and sound judgment — all in- 
dispensable to the researcher — and he was soon 
assigned full time to research and experimental 
work. The caliber of this work was recognized 
in 1947 when he was appointed a director of the 
company and its technical director. 

One of Dr. Mac’s invaluable traits — whether 
conducting a difficult bit of research or playing 
a bassoon obbligato — is his realistic approach to 
his problems —a refusal to gloss over the harsh 
realities of fact for more pleasant fantasies. He 
calls a spade a spade — or a pipe a pipe. Some 
years ago when Acipco was bidding on a large 
pipe job, Dr. Mac accompanied the sales man- 
ager on a preliminary survey as the answer-man 
for any technical questions which might arise. 
During one of their conferences, the engineer in 
charge of the job, a know-it-all type upon whose 
approval the contract rested, made a statement 
about water pipe with which Dr. Mac disagreed. 


And he didn't hesitate to say so at some length, 
while the frantic sales manager, with visions of 
a big order missed, tried unsuccessfully to change 


the subject. Dr. Mac made his point — and, 
happily, Acipco did get the contract. 

Perhaps most indicative of his unbounding en- 
ergies and enthusiasm is the long, long list of 
technical societies which have his name on their 
rosters. And he is not just a passive member — 
the outstanding job he has performed on count- 
less committees, as an officer in the upper echelon 
of technical groups, as lecturer and author would 
keep many a man too busy to hold down a five- 
day we ek job. In the American Society for 
Metals, he has been a member for some 35 years, 
served on the & Handbook Committee and as 
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the first chairman of the Birmingham Chapter; in 
1950 he was named to a two-year term as national 
trustee. Over a long association with the Ameri- 
can Society for Testing Materials, he has served 
on the Board of Directors of that group and for 
some years acted as chairman of its Committee 
A-3; he received an Award of Merit for outstand- 
ing service to the Society in 1953. One of the 
first to recognize the necessity for the statistical 
approach to the presentation of technical data, 
he served for seven years on the A.S.T.M. com- 
mittee which produced the A.S.T.M. Manual on 
Presentation of Data. (This interest in statistics 
carries over into his daily life. He is one of the 
few people who — if asked —can rattle off the 
mean number of segments in their breakfast 
grapefruit. ) 

As with most of his other society memberships, 
he is a long-term (and honored) member of the 
American Institute of Mining, Metallurgical, and 
Petroleum Engineers and served as chairman of 
its Iron and Steel Div., a director of the Society 
and in 1944 was the Howe Memorial Lecturer. 
The American Chemical Society has recognized 
his service by the Herty Medal of the Georgia 
Section and the Southern Chemist Award of the 
Memphis Section. 

The Society claiming his most intense interest 
is the American Foundrymen’s Society which 
awarded him honorary life membership in 1938. 
Past chairman of the ¢ sray Iron Div. and the 
Birmingham Chapter, he was elected a director 
of the Society in 1951. He has been honored by 
the John H. Whiting Gold Medal and was the 
first Hoyt Lecturer in 1947. The Institute of 
British Foundrymen elected him an honorary 
life member in 1951. 

Dr. MacKenzie’s work in cast iron metallurgy 
has resulted in two honorary doctor of science 
degrees, one from his alma mater, the University 
of the South, and another from the University 
of Alabama. In 1951 he was recognized by the 
U.S. Government for a study made on German 
centrifugal casting methods as a member of a 
mission for the Federal Foreign Economic Ad- 
ministration. 

Born in Florida and raised in the South, Dr. 
Mac married a Southern girl, Catherine M. 
Sharpe, in 1915, and has two children, James 
Tucker, Jr., and Catherine. Tucker, an active 
© member like his father, works with U. S. Steel 
Export Co. in New York. 

When his mind is not on metallurgy, 
often be on music. 


it will 
He is an accomplished or- 
ganist and a member of the American Guild of 
Organists. Several years ago, when the Birming- 
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ham Symphony Orchestra found itself without a 
bassoonist, Dr. MacKenzie obligingly mastered 
this instrument. His musical career has not been 
limited to classical works alone; as a young man 
he played a hot trumpet in a jazz band. 

Aside from music and metallurgy, Dr. Mac’s 
interests are bridge and, as with all scientists, 
science itself. His scientific interests extend far 
beyond the reaches of his chosen field. 

His current hobby is collecting particularly 
choice examples of redundant phraseology — a 
singularly satisfying hobby for anyone who at- 


tends as many meetings and listens to as many 
lectures as he does. His prize is the quote from 
the chairman who announced firmly, “From now 
on we're going to have an annual meeting — 
every damn year!” 

“Retirement” is hardly the appropriate word 
to be applied to James Tucker MacKenzie’s 
present status. Already he is busily engaged in 
an active consultant business and is a consultant 
with the Southern Research Institute —a_ fine 
start to what promises to be the least retiring 


“retirement” on record. +] 


Ultra-Pure Metals Produced in 
Electron Beam Furnace 


By T. C. DuMOND* 


Ponirication to a degree not previously 
attainable in melting the refractory metals 
possible by a new melting process developed by 
Temescal Metallurgical Corp., Richmond, Calif. 
The process, known as electron beam melting, is 
carried on in a high vacuum. It reduces un- 
desirable impurities to lower levels than are pos- 
sible by vacuum sintering or arc melting. The 
result is a pure metal with properties superior to 
those attained by other methods. The features of 
the process which make it so efficient in removing 
impurities prevent its use in melting alloys of the 
refractory metals for casting. 

The desirability of electron beam melting in 
a vacuum has been recognized for many years, 
but two ebstacles had to be cleared. One prob- 
lem was to develop a stable electron beam system 
capable of reducing commercial quantities of 
metals. The second hurdle was to obtain and 
maintain a high vacuum in the furnace. Satis- 
factory solutions to these problems were found 
and combined with cold crucible casting to ar- 
rive at the process now being used. The use of a 
water cooled copper crucible prevents recon- 
tamination of the metal after melting. 

One of the achievements of the new process is 
to make available commercial quantities of 
ductile columbium. An example of the possi- 
bilities in this area is cold rolling of ‘%-mil 
columbium foil from a 3-in. ingot without an- 
~ *Secretary of the @ Metals Engineering Program 
Committee. 
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Electron melting method, combined 
with efficient vacuum system 

and cold crucible casting, 

reduces impurities in refractory metals 
to extremely low levels. (D5k, 1-52, 1-73) 


nealing. Comparable progress is anticipated 
with tantalum, molybdenum, be ryllium, and spe- 
cial steels and stainless alloys. It is also expected 
that the method can be used to recycle the scrap 
of many of these metals. 

The furnace in which electron beam melting 
is done is operated under a vacuum of 107 at- 
mospheres. Heat for melting is provided by an 
electron gun which serves as the cathode and 
bombards the melt stock —the anode — with 
electrons until the melting range is reached. 
Melting stock can be in the form of ingot, pellet, 
powder, flake or sponge. 

Metal melted by the electron beam drops into 
a water cooled copper crucible where a molten 
pool is maintained by electron bombardment 
from another gun. The surface of the molten 
pool is kept at a constant level as the solidified 
ingot is withdrawn downward. 

The vacuum required for the process is pro- 
vided by a system using three types of pumps — 
oil diffusion, oil jet and mechanical. The sys- 


tem maintains a vacuum of less than 0.1 micron 
of mercury even at high melting rates. 
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Electron Beam Melting Furnace 


The process results in the volatilization and 
removal of certain critical impurities. Those 
forming compounds having vapor pressures of 
at least 10° atmospheres at surface of the melt 
can be removed easily. However, if the vapor 
pressure of the oxide is lower than that of the 
metal, compounds will remain while the metal 
volatilizes. In many instances, carbon, hydrogen 
and oxygen are removed almost as rapidly as 
carbon monoxide, metal monoxides and similar 
compounds. 

Two melts are required with most metals. In 
10 to 15 Ib. 


columbium is melted per hour during the first 


the sizes of furnaces now used, 


melt. The rate is stepped up to 80 Ib. per hr., in 
the form of 4 ft. of 3-in. diameter ingot, during 
the remelt operation. 

There does not appear to be a limit on the 
diameter of bar or ingot which can be melted 
and purified in an electron beam furnace. 
Equipment of this type is believed capable of 
producing ingots up to 20 in. diameter, weighing 
about three tons. As ingot sizes increase, costs 
are expected to decrease because of the higher 
output rates. 

Electron beam vacuum furnace systems are so 
designed that cathodes can be replaced, melt 
stock fed into the furnace and ingots removed 
without affecting the vacuum except in a local- 
ized area which can be returned rapidly to the 
proper 

Operating economics of electron beam melting 
are favorable and will undoubtedly make the 


vacuum. 


process competitive with consumable arc melting 
and other methods. The process uses high-volt- 
age direct-current electrons which are relatively 
inexpensive and with which power efficiencies 
are high. Double melting of columbium requires 
5 to 10 kw-hr. per Ib. Double melting of tan- 
talum requires 8 to 12 kw-hr. per lb. These fig- 
ures compare with about 500 kw-hr. per Ib. 
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for the solid-state sintering of tantalum. 

Because the melting of columbium by the 
electron beam technique has reached semi- 
commercial scale, it can be used as an example 
of how the method works. The melting of co- 
lumbium involves the removal of contaminants, 
such as oxygen, nitrogen and carbon, as well as 
the vaporization of many potentially desirable 
alloying elements. 

Results obtained thus far show that vanadium 
and all other metals of greater volatility than 
vanadium, aluminum, nickel and 
chromium, evaporate rapidly from columbium to 


extremely small concentrations. 


such as iron, 


For this reason, 
electron beam me Iting is not expected to find use 
in melting oxidation resistant alloys of colum- 
bium. Metals such as zirconium, molybdenum 
and tantalum do not evaporate from columbium 
at appreciable rates, however. The change in 
composition of alloys can be estimated quite 
using metal vapor pressure data. 


Each alloy must be looked at se parately. 


accurately, 


Electron beam me Iting and casting of colum- 
bium at a rate of about 10 in. of ingot per hr. 
reduces impurities from 2500 ppm. to about 500. 
Remelting at the same rate lowers the oxygen 
content to about 100 ppm. Removal of nitrogen 
to desirable levels requires a somewhat lower 
melting rate than for oxvgen removal. To meet 
specifications in melting columbium, it is neces- 
sary to provide close control over melting rates 
and to use a melt stock of known quality. 

Some points of superiority of the electron 
beam process over vacuum are melting and zone 
melting are: 

Raw material can be handled in virtually any 
form. 

For zone refining, the electron beam method 
can handle larger diameter bars or ingots than 
conventional zone melting of highly 
metals. 


reactive 


Vacuums in which electron beam melting is 
done range from 0.01 to 0.10 micron as com- 


pared to a range of 10 to 100 microns in vacuum 
are melting. 


Are melting depends upon a low-voltage high- 
current arc; the new method utilizes high-voltage 
low-current electron bombardment. 

The electron beam process can be started and 
stopped at any time without loss of material. 
Should the furnace lose its vacuum, a maximum 
vacuum can be pulled in about 15 min. 

Purification of metal is higher in electron beam 
melting than in vacuum are or conventional 
vacuum induction melting. i) 
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High-Temperature Metallurgy Today 


By L. P. JAHNKE and R. G. FRANK* 


In an article in Metal Progress last month the authors discussed 

the mechanisms for strengthening alloys which have resulted in improved 
elevated-temperature materials. This installment carries these considerations 
into work on developing improved superalloys and refractory metal compositions. 
The authors also give properties of some of our best superalloys 

and predict future performance which can be expected 

from refractory metal alloys. (Q-general, 2-62; SGA-h) 


Tue crass of alloys called superalloys is 
broad, and includes iron-nickel, nickel and co- 
balt-base alloys. Addition of nickel to iron alloys 
allowed the development of a series of austenitic 
precipitation hardened alloys ranging from A- 
286, which contains about 25% Ni, to alloys such 
as René 41, which contains some 55% Ni. 

The iron-nickel alloys become progressively 
superior to the martensitic class of alloys above 
1000° F. A-286 alloy is a derivative of the aus- 
tenitic stainless steels (such as A.1.S.1. Type 330) 
which is strengthened somewhat by addition of 
molybdenum, but primarily by the precipitation 
of Ni;Ti, a hard intermetallic compound with 
excellent coherency in this matrix. The alloy 
is easily formed in the solution treated condition 
(1800° F., followed by fast cool) and generally is 
machined after precipitation hardening (1300° F. 
for several hours). Segregation in large ingots 
caused some trouble early in its use, but consum- 
able-electrode melting in vacuum solved this 
problem for ingots up to 20 in. in diameter. 

The only serious difficulty with A-286 which 
has not been adequately solved is its poor weld- 
ability. A hot shortness exists, which causes 
weld zone cracking when residual stresses are 
even moderately high. Better weld joint fit-ups 

*Mr. Jahnke is manager of metallurgical engi- 
neering and Mr. Frank is supervisor of process de- 
velopment, Applied Research Operation, Flight Pro- 
pulsion Laboratory Dept., Aircraft Gas Turbine 
Div., General Electric Co., Cincinnati, Ohio. 
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and careful welding techniques have allowed 
this deficiency to be tolerated. A-286 will con- 
tinue to be widely used for sheet metal appli- 
cations and for forgings (where welding is not 
required) in the service range of 1000 to 1300° F. 
More recent alloys in the iron-nickel base field 
are M-308, )-979 and Unitemp 212. These ex- 
tend the service range of A-286 some 100° F. 
Design curves for the iron-nickel, nickel and 
cobalt-base alloys are shown in Fig. 1. The 
nickel alloys, although more difficult to melt, 
forge and machine, are so outstanding in strength 
that they virtually have a monopoly on all the 
new applications above 1000° F. René 41 high- 
temperature alloy (trade-marked by General 
Electric Co.) is the best of the commercially 
available alloys. Other alloys in the group are 
M-252, Udimet 500 and R-235. Several nickel- 
base development alloys have outstanding 100- 
hr. stress-rupture strengths (1800° F., 15,000 psi.; 
1600° F., 40,000 psi.; 1200° F., 130,000 psi.). It is 
evident, especially at the lower temperature, that 
further strength improvements are possible. 
The nickel alloys, typical of René 41, are pri- 
marily strengthened by a dispersed second phase, 
consisting of a solid solution of Ni,Al and Ni,Ti, 
designated as gamma prime phase, [Ni, (Al, Ti)]. 
In addition, they all contain a_ solid-solution 
strengthener with a low diffusion rate, such as 
molybdenum and tungsten. Gamma prime is 
stable at higher temperatures than either the 
Ni;Al or Ni;Ti phases. This accounts for the 
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Fig. 1 — Design Curves 
for Superalloys Compar- 


ing Performance Levels 
of Nickel, Iron-Nickel 
and Cobalt-Base Alloys 


significantly higher strength of these alloys over 
the titanium-bearing iron-nickel alloys in the 
range of 1500 to 1800° F. 

1-605 and V-36 are the outstanding wrought 
cobalt-base alloys, even though they were devel 
oped many years ago. They are relatively inex- 
fabricated. No 


effective precipitation hardening systems have 


pensive and can be re adily 
been found for the cobalt-base alloys; as a result, 
they have fallen behind nickel alloy development 
in the past five years. 

Cobalt alloys are strengthened primarily by 
the solid-solution mechanism with large addi- 
tious of tungsten and molybdenum, and to a 
lesser degree by a dispersion of stable carbides. 
Cobalt alloys can compete in strength with those 
of nickel only in the temperature region where 
the age harde ning phase in the nickel alloys be- 


comes unstable — generally above 1800° F. 
Mechanism of Strengthening 


The physical metallurgy of the nickel family 
attention. 
Rene 41 is strengthened by putting its titanium 
and aluminum in solution at about 2000° F., rap- 
idly cooling, and allowing the precipitation of 
gamma prime at some lower temperature where 


of alloys is receiving considerable 


the size and dispersion of the particles are at an 
optimum value. 

Figure 2 shows the range of strengths obtain- 
able by varying the solution treating and the 
age hardening temperatures. For maximum 
strength above 1200° F., treatment A (high solu- 
tion and aging temperatures) would be used. 
For maximum strength at low temperature, treat- 
ment B (lower solution and aging temperatures) 
would be preferred. 
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The surface-to-volume ratio of a component 
operating at high temperature is critical because 
of oxidation. Titanium and aluminum will be 
preferentially oxidized at the surface resulting 
in localized depletion of the gamma prime phase 
and loss of strength. The higher the tempera- 
ture, or the thinner the sheet, the lower the over- 
all rupture strength. René 41 loses 80% of its 
rupture life at 1800° F. under a stress of 10,000 
psi. as sheet thickness is decreased from 0.070 to 
0.040 in. Designers of minimum-weight aircraft 
must be aware of changes of this magnitude. 
Design curves must be obtained with material 
of the same thickness to be used in forming ac- 
tual components. 

Vacuum beneficial effects on 
nickel alloys since the titanium and aluminum 
are kept present as gamma prime particles and 
not in ineffective or detrimental oxides or ni- 
trides. Data on some 40 to 50 heats of air-melted 
and vacuum-melted M-252 alloy show that stress- 
rupture and fatigue strength, ductility, and mill 
yield are all significantly improved by vacuum 
melting. Stress-rupture strength is increased 
simply by the fact that the full effectiveness of 
the titanium and aluminum is not reduced by 
the reaction of these elements with atmospheric 
gases. Improved cleanliness and elimination of 
stringers of Ti (C, N) are responsible for better 
fatigue strength, ductility and mill yield. 


melting has 


Brazing Versus Welding 


High-temperature brazing is being widely used 
instead of welding because it causes less distor- 
tion of the part and is better adapted to joining 
very thin sheet. 


The high titanium and alumi- 
num contents of nickel alloys cause the formation 
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of tenacious TiO, and Al.O, surface films which 
cannot be reduced by the purest hydrogen. 
These films cause poor wetting by the brazing al- 
loy, giving brazed joints with low shear strength. 
Vacuum brazing gives much improved shear 
strength since the oxide films don't form. If an 
alloy such as 1-605, which contains no titanium 
or aluminum, is similarly compared, no differ- 
ence in shear strength is found between vacuum 
and hydrogen brazing. 


Castings Are Gaining Preference 


Cast nickel-base alloys have been avoided in 
the past by some aircraft engine producers be- 
cause of nonreproducible properties and some- 
what lower fatigue strength. There are two rea- 
sons why castings produced in vacuum are now 
being considered for applications where maxi- 
mum high-temperature strength is needed. 
First, a cast alloy has the same strength at some 
50°’ F. higher than the forged alloy of the same 
composition. The second reason (and more sig- 
nificant) is that the possible forging temperature 
range of the more recent alloys is so narrow that 
it is practically impossibie to form them into 
intricate shapes. Raising the forging tempera- 
tures would result in incipient melting of the 
low-melting phases at the grain boundaries. At 
lower temperatures, the alloys are too strong and 
have too little ductility. General Electric's DCM 
is such an alloy and is one of the strongest oxi- 
DCM is 
probably close to the end of possible advances 
in the nickel system. However, for lower tem- 
perature service, forgings are invariably stronger 


dation resistant alloys in existence. 


than cast forms. 
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Fig. 2 — Influence of Heat 
Treatment on 0.02% Yield 
Strength and 100-Hr 
Stress-Rupture Life of 
René 41 Sheet Alloy 
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The effect of grain size on the strength of cast 
alloys has at times been a controversial subject 
Data on DCM alloy show over a fivefold increase 
in rupture life at 1800°F. as the grain size is 
increased from 0.005 to 0.20 in. (Tests were 
made at 1800° F., 15,000 psi. for about 100 to 500 
hr.). The reasons for this increase will be postu- 
lated later. 

The effect of grain size on fatigue strength of 
a cast cobalt-base alloy, X-40, is the opposite at 
lower temperatures, Data show that at 1200° F. 
small grains result in higher fatigue strength, but 
the effect of grain size rapidly decreases as the 
temperature increases to 1600" F. 

Some interesting observations have been made 
on the microstructure of a high-strength, cast 
nickel-base alloy to help explain the effects of 
grain size on rupture strength. A profuse amount 
of fine well-dispersed gamma prime precipitate 
is found within the cast grains and grain bound- 
aries. Concentration of aluminum near the grain 
boundaries is evidenced by the greater amount 
of gamma prime present in this area. 

A boride and a carbide phase are also present 
in the grain boundaries and help prevent coales- 
cence of the gamma prime. It is postulated that 
with a given boron content the larger grains 
(having less grain boundary area per volume) 
therefore have a greater concentration of borides 
in the grain boundary which prevent the gamma 
prime from coalescing. However, continued ex- 
posure at a high aging temperature (1950 to 
2000° F.), but below the solution temperature of 
gamma prime (about 2100° F.), results in coales- 
cence and growth of the gamma prime particles 
accompanied by a loss in stress-rupture life. 
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Comparison of the Refractory Metals 


ELEMEN1 ADVANTAGES 


Tungsten 
to at least 2500° F, 
Tantalum 
ductile. 


Molybdenum 


at room temperature. 
Columbium 
ductile; moderate density. 
Chromium 
refractory metals. 


The high melting point of refractory metals — 
tungsten, tantalum, molybdenum, columbium 
and chromium — must be developed to achieve 
high strength above 2000°F. Generalizations, 
which can be used in comparison of these metal 
systems, are given in the table. It’s quite prob- 
able that the higher oxidation resistance and 
lower density of columbium will make it the 
most attractive of these metals up to 2500° F. 
Up to 3500° F., molybdenum will take over and, 
above this, it will be tungsten-base alloys. Obvi- 
ously, tungsten is our only hope, with our present 
understanding of science, of using metals at tem- 
peratures up to 5000” F. — 80% of the melting 
point of tungsten. 

Molybdenum, because of its availability, cost 
and density, has received the most attention of 
the refractory alloys and is the most advanced. 
Recently other refractory metals have been re- 


120 


Stress, 1000 Psi. 


Fig. 3— Today's Best 
Refractory Alloys Com- 
pared With the Best 
Cast Nickel-Base Alloys 
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Highest melting point; nonvolatile oxide 
Very high melting point; nonvolatile oxide; 


High melting point; less dense than 
tungsten or tantalum; moderately ductile 


High melting pee nonvolatile oxide; 


Extremely oxidation resistant; lightest of 


DISADVANTAGES 


Highest density; oxidizes rapidly; brittle 
at low temperatures. 


High density; oxidizes rapidly; least 
abundant. 


Extremely high oxidation rate ( volatile 


oxide ). 
Oxidizes rapidly. 


Lowest melting point of refractory metals; 
brittle at low temperatures. 


ceiving more attention because of (a) greater 
strength potential above 3000° F. (tungsten) or 
(b) superior oxidation resistance (columbium 
especially ). These alloy systems are compared in 
Fig. 3 with the best cast nickel-base alloys 
(DCM) and with the advances being made in the 
molybdenum system. These conclusions can 
be drawn: 

© All the refractory metals are stronger than the 
best nickel alloys above 1600° F. 

® Slight alloy additions to molybdenum have a 
great strengthening effect. 

* Some progress has been made in the colum- 
bium system but small alloy additions are not 
as effective as in the molybdenum system. 

© The strength of unalloyed tungsten is good at 
2200° F. 
rhenium alloy, in the early stages of develop- 


(Recent reports show that a tungsten- 


ment, possesses remarkable strength at 3000° F.). 


@ 0.2% Yield Strength 
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The real impetus on molybdenum came after 
the introduction (by Climiax Molybdenum Co.) 
of the alloy containing 0.5% Ti. It was the first 
commercial composition with a high recrystalli- 
zation temperature (2450° F.—1 hr.). The pri- 
mary strengthening mechanism for molybdenum 
is work hardening (pinning of dislocations by 
other dislocations), and the degree of work 
hardening is critical. As the amount of cold 
work is increased, the low-temperature strength 
(to 1600° F.) is increased. However, severely 
worked material (over 90%) will recover at a 
much lower temperature than metal worked an 
optimum amount (60 to 75%) and, thus, will lose 
much of its strength at the higher temperature 
(that is, above 2000° F.). 

The maximum strengthening effect in molyb- 
denum-titanium alloys containing up to 5% Ti 
occurs at 44% Ti and is due to dispersed second 
phases tentatively identified by W. 
TiC and Mo.C., 


Chang* as 
Additional ‘strengthe ning at 


higher temperature is due to the increase in re- 
crystallization temperature and, thus, a delay 
in the recovery process. 


A need is developing for alloys with an even 
higher recrystallization temperature than molyb- 
denum containing 4% Ti. This comes from the 
high temperatures required for the application 
of new protective coatings and more advanced 
propulsion systems. Although increased tita- 
nium is beneficial from this standpoint, carbon 
is even more effective. A cold worked 5% Ti, 
0.25% C alloy did not recrystallize even after 

*General Electric Co. 
Report DM 58210. 


Aircraft Gas Turbine Div. 


a 


Rate of Attack, Mg. per Sq. Cm. 


600 800 1000 
Temperature, °F. 


Rhenium 


Columbium 


1 hr. at 3000°F. Increased carbon in these 
alloys, however, did nothing to improve the 
strength outside of delaying recovery. 

A high-strength molybdenum alloy (in fact, 
probably one of the strongest alloys known for 
use above 2000° F.) is a composition developed 
by G. . containing 1.25% Ti plus 0.15% Zr and 
0.15% (TZC alloy in Fig. 3). The 100-hr. 
stress- ho sn strength of this alloy at 2200° F. 
is 34,000 psi. (200° F. better than molybdenum 
with 12% Ti). The recrystallization temperature 
in 1 hr. is 2900 to 3000° F. Because of its resist- 
ance to softening, it takes much higher tempera- 
tures to process —a big problem with today’s 
This development alloy 
is receiving serious attention and many 100 to 
200-Ib. ingots have been successfully processed 


proc ssing ( ‘quipme nt. 


into sheet and bar. 
Oxidation Problem Is Major One 


One property which has prevented universal 
use of the refractory alloys has been their poor 
oxidation resistance. Comparison of the oxida- 
tion resistance of several refractory metals in 
Fig. 4 shows the rapid increase in rate as the 
temperature is increased above 800° F. Molyb- 
denum and rhenium, because of the extremely 
high vapor pressure of their oxides, go off scale 
quickly and are shown in the upper portion of 
the diagram. 
up on developing an oxidation resistant molyb- 


Most research groups have given 


denum alloy and are concentrating on external 
protective coatings. On the other hand, great 
strides are being made with columbium in devel- 
with adherent protective 


oping alloys oxide 


Fig. 4 — Oxidation Rate of Re- 
fractory Metals. There is a rapid 
increase when temperature goes 
above 800° F. Molybdenum 
and rhenium, because of the 
extremely high vapor pressures 
of their oxides, go off scale 
quickly and are shown in the 
upper portion of the diagram 
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Fig. 5 — Strengths of Various 
Alloy Systems for Elevated- 
Temperature Service. Shaded 240 
areas will be filled by new 
alloys as 
metallurgy 


high-temperature 
moves ahead 


0 400 


scales though nothing is yet known about their 
strength. A characteristic peculiar to colum- 
bium and tantalum is their ability to dissolve 
large quantities of gases (Oz, Ne, Hz) which, if 
not controlled, results in complete loss of duc- 
tility even at 2000° F. 
mize this tendency. 


Alloying can also mini- 


Because of the oxidation problem, serious con- 
sideration is being given to aircraft and space 
propulsion devices designed to use refractory 
metals in an inert atmosphere. This should be 
a happy note for all high-temperature metal- 
lurgists. However, until then protective coatings 
are necessary. Otherwise, life expectancy of the 
desirable application must be short (as in mis- 
siles) so that rapid oxidation can be tolerated. 

As a summary for the refractory metals, let 
us say that we have come far in understanding 
the many difficult problems associated in their 
use, such as melting, conversion, fabrication of 
components and also the problems of actual 
That 
some success is being achieved in the application 
of refractory metals is indicated by the photo- 


operation of parts at high temperatures. 


graph of a General Electric jet engine operating 
with turbine temperatures in excess of 2000° F., 
using coated molybdenum buckets, shown on the 
cover of Metal Progress last month in conjunc- 
tion with Part I of this article. 


Today's Picture in Brief 


The best alloys of each type are presented in 
Fig. 5 on an expanded scale. If one were to 
select only the strongest alloys, choices would 
be confined to toolsteels, nickel-base and molyb- 
denum-base alloys over the temperature range 
from 0 to 2400° F. 
cost or oxidation, all of these classes have their 
own gamut of applicability. Until the oxidation 


But for reasons of fabrication, 
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problem is solved or bypassed, nickel alloys will 
dominate applications in the 1000 to 2000° F. 
range. 

Designers of aircraft and aircraft components 
are interested in the strength-to-weight ratio. 
By dividing the strengths of the alloys by their 
densities, it is found that: 

* Aluminum becomes slightly more attractive 
up to 500° F, 

* More significant, titanium is generally com- 
petitive at low temperatures, if not with ‘ool- 
steels, at least with the semi-austenitic stainiess 
steels. 

® Nickel-base alloys are still best above 1000° F. 
and molybdenum dominates applications above 
1600° F. despite its higher density. 

* Columbium has crept up on molybdenum and 
unalloyed tungsten has fallen below columbium. 

It is wise to remember that designers must 
also consider stiffness in their calculations and 
often cannot make parts as thin as the strengths 
allow because of machining or fabrication diffi- 
culties. In these instances, some of the lighter 
alloys are used to advantage. Also, cost influ- 
ences choices of materials. For example, if A- 
286 is satisfactory for an application, René 41 
will be ignored; or if alloy steels such as 4340 
are suitable, Vascojet 1000 will not be used. 

The advances that have been made in high- 
temperature metallurgy over the past two 
decades of concentrated effort are just short of 
phenomenal. 
required and expected by other fields of engi- 
neering, aggressive creativeness and daring ef- 
forts must become commonplace. A mere extra- 
polation of progress since 1940 will soon fill the 
shatled area of Fig. 5 with new alloys, but will 
never fill the insatiable appetite for progress of 
the air and space craft industry. 


But to maintain the pace that is 
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Sree. MEN foresee the day when a com- 
plete vest-pocket steel mill can be dropped in the 
middle of a desert. Such a plant would include 
an electrical power source, a small ore reduction 
process, and an electric steelmaking furnace. 
The latter has been an accomplished fact for 
years, and self-contained power plants using nu- 
clear energy have also been constructed. All 
that remains is a practical and economical 
method for ore reduction. This need, we feel, 
is answered by the Strategic-Udy process. 


How It Works 


Onie advantage is that no special ore prepara- 
tion is required. Fines and flue dust work just 
as well as sized iron ore. The process is a smelt- 
ing technique using a direct-fired rotary kiln 
that partially reduces the ore before it is charged 
into an electric arc smelting furnace. All of the 
heat needed to reduce and heat the charge in the 
kiln is supplied by burning, in the kiln, volatile 
matter from coal and carbon monoxide gas. 
Since these are produced during reduction in the 
kiln, and subsequent reduction in the electric 
smelting furnace, the process is self-continuing. 
Figure 1 illustrates the essential equipment for 
the process. 

A mixture of iron ore, flux and carbonaceous 
reductant is continuously fed to the rotary kiln. 
During the operation, the iron ore is heated, cal- 


*Vice-President and Director of Research, respec- 
tively, Strategic-Udy Processes, Inc., Niagara Falls, 
N.Y., a subsidiary of Strategic Materials Corp., 
Buffalo, N.Y. 
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A New Direct Reduction Method 


Partial reduction of ore by soft coal in a rotating kiln, 
followed by smelting in an electric furnace, produces iron 

for further refining. Carbon can be controlled in a 0.2 to 3.5% range, 
and no special ore preparation is needed. (Dj) 


By M. J. UDY and M. C. UDY* 


cined and reduced, and the flux (lime, quartz, or 
other) is calcined and combined chemically with 


the ore. The free-flowing kiln discharge is con- 
trolled between 1800 and 2300° F. 


This tem- 


Fig. | — Flow Diagram of Strategic-Udy 
Process. Carbon monoxide produced in 


the electric furnace is recycled to the kiln 
where it aids in heating of the ore charge 
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Above 
this temperature, the hot charge material starts 
to cake and adhere to the kiln walls. Sufficient 
coal is added to accomplish the required two- 


perature varies with nature of the ore. 


step reduction. The coal not used for prereduc- 
tion (or burnt in the kiln) is “coked” and passes 
out with the prereduced material. 
preheated reductant in the electric smelting step. 


It acts as a 


To save thermal and electrical energy, the hot 
prereduced ore is charged from the kiln directly 
to the smelting zone of the electric smelting 
furnace through insulated feed control bins and 
controlled feeders. The process employs an 
open bath technique around the electrodes with 
the electrodes from ‘2 in. above the molten slag 
to 3 in. submerged in the slag, depending upon 
the particular operation. As charge material 
enters the furnace, it forms its own angle of 
repose. Thus the space above the electrodes is 
open and offers no restriction to the flow of car- 
bon monoxide gas produced during reduction, 
and the molten bath furnishes electrical resist- 
ance permitting high and uniform power inputs. 
Fines work perfectly in the operation and may 
be used exclusively if the situation warrants. 
Carbon monoxide formed during reduction is 
collected and burnt in the kiln. 

The carbon content can be varied from 3.5% 
(pig iron) to 0.2% (steel) with comparative ease 
by accurate control of slag composition and 
amount of reductant. Contaminating elements 
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Fig. 2— Feeding Kiln Product to Electric Fur- 
nace. The hot, partially reduced ore slides down 
the furnace sides directly into the reaction zone 


such titanium, 


manganese, phosphorus, 
chromium and nickel can be removed. They can 
also be recovered if present in sufficient concen- 
tration. Where exact carbon control is required, 
finishing additions of reductant can be intro- 
duced in the smelting furnace or carbon adjust- 
ments made by addition of iron ore. Iron and 
slag are tapped intermittently and handled in 
the conventional manner. 


Economics of the Process 


The process has been evaluated at the Niagara 
Falls prototype plant. This plant includes three 
electric smelting furnaces, an 80-ft. kiln and all 
necessary auxiliary equipment, including a lab- 
oratory for quality control and chemical ana- 
lyses. A number of runs using various ores and 
carbonaceous materials were made to determine 
comparative costs. 

In a recent demonstration run in this plant, 
more than 260 tons of metal was produced, 
having a weighted average of 1.74 C, 0.15 Si, 
0.117 S, 0.06 P, 0.11 Mn and 0.04 Ti. Three 
series of tests were made, each at a different 
carbon level in the metal. In the first series, 
carbon varied from 2.00 to 2.75; in the second 
series, it varied from 1.02 to 1.92, and in the 
third series, the carbon varied from 0.17 to 0.92%. 
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Fig. 3 — Electric Smelting Furnace at Pilot Plant. 
The slag tap is on the left; the metal tap on 
the right. After carbon is reduced to proper value 
(0.2 to 3.5%), the iron is pigged and preferably 
charged into a refining furnace as “hot metal” 


“or 


Silicon ranged from 0.10 to 0.15% in the three 
runs; average analyses are: 


SERIES C S 
1 2.20 0.06 
2 1.52 0.09 
3 0.65 0.135 


Average slag analysis was 3.0% Fe; minimum 
was 0.48%. 

Up to 50% reduction of iron was achieved in 
the kiln. Higher reductions in the kiln were not 
sought, since we were more concerned with 
maximum production. 

For the whole demonstration, 18,000,000 Btu. 
per ton of metal was used. In the best periods, 
this figure was as low as 13,000,000 Btu. per ton. 
Average power consumption for 13 days opera- 
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tion, including “building” of the crucible, was 
1561 kw-hr. per ton of metal with a low of under 
1100 kw-hr. per ton. Electrode consumption for 
the whole run averaged 16 |b. per ton of metal. 
Dust from the kiln was less than 2% of the feed 
and was returned to the cycle. 

Manufacturing costs in the prototype plant 
were $17 per ton of metal above the cost of ore; 
this does not include any capital or selling costs. 

Capital costs have been estimated for a 600- 
ton per day plant to be approximately $50 per 
“annual ton” of iron. This, of course, will vary, 
depending upon the proposed location. 

Summary — As mentioned before, the process 
is a combination of a rotary kiln and an electric 
furnace smelter. One significant difference be- 
tween it and other processes is in the operation 
of the electric furnace. Instead of the conven- 
tional submerged-are charging method, a “float- 
ing charge” technique is used. The charge slides 
down the furnace sides substantially according 
to its angle of repose. Thus the partially pre- 
reduced and preheated feed material falls di- 
rectly into the reaction zone at the electrodes, 
enabling easy control of reduction. Another 
difference is the kiln operation, which uses fines 
and controls the carbon (coal) to slightly in 
excess of the theoretical required for total reduc- 
tion either in the kiln or the electric reduction 
furnace. All CO is burned in the kiln to CO.. 
Capacity in the kiln is not sacrificed for high 
metal reduction. Unique process advantages are: 

l. No special ore preparation is required. Ag- 
glomeration, briquetting, sintering, pelletizing on 
nodulizing of the ore are unnecessary and not 
recommended. The process is designed to use 
fine ores or fine concentrates (including flue dust, 
mill scale, cast iron borings and shredded light 
scrap) with no preliminary treatment, other than 
drying to a constant moisture level. 

2. Ores contaminated with titanium, manga- 
nese and chromium, or other “impurities” (from 
the standpoint of conventional blast furnace 
feed) can be employed directly. This makes 
available the tremendous deposits of titaniferous 
magnetites in North America and elsewhere. 

3. Bituminous coal, anthracite coal, peat, lig- 
nite, or coke can be used as a combined reduct- 
ant and heat producer 

4. Carbon can be controlled anywhere be- 
tween 0.2 and 3.5%, readily producing metal for 
foundry, electric furnace, and openhearth. 

5. The process can be developed on a unit 
basis to the production of 50 tons of iron per 
day and upward. S 
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High-Alloy Castings... 


castixcs are known as cor- 
rosion and heat resistant alloys and frequently 
are grouped under the name, “stainless steel”. 
The distinguishing feature of these castings is 
that they can serve under conditions where car- 
bon or low-alloy steels would be destroyed, not 
by the conditions of loading, but by action of the 
environment. Alloys classed as corrosion resist- 
ant are used to resist corrosive attack at tempera- 
tures less than 1200° F. 
resistant are used where the metal temperature 
is generally in excess of 1200° F. 

All these alloys contain iron, chromium and 
nickel in various proportions, but with chro- 
mium always in excess of 8%. 
under 1% to as high as 68%. 


Those classed as heat 


Nickel ranges from 

Manganese and 
silicon are present in all the alloys, ranging from 
about 0.40 to 2.0%. Carbon content is especially 
important in its influence on corrosion resistance 
and strength. The corrosion resistant grades are 
normally very low in carbon, generally under 
0.20% and sometimes as low as 0.02%. 

In the heat resistant grades, carbon gives high- 
temperature strength; for this reason, these alloys 
contain carbon in range of 0.20 to 0.75%. This 
difference in carbon content is one of the chief 
distinctions between the corrosion resistant and 
heat resistant groups. Other elements such as 
columbium, molybdenum and_ selenium are 
added for specific purpgses. 

While most of the corrosion resistant grades 
have corresponding wrought stainless steel coun- 
terparts, the chemical composition ranges for the 
cast and wrought alloys differ. For this reason, 
buyers should use east-alloy designations for 
proper identification of castings. The Data Sheet, 
p. 96-B, gives standard compositions of the 
Alloy Casting Institute, with outstanding prop- 
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Specifications 
and Properties 


By ERNEST A, SCHOEFER* 


Castings made from corrostén 

and heat resistant alloys 

are used under conditions where 
other materials would be destroyed 
by the action of the environment. 
Frequently referred to 

as stainless steel castings, the multiplicity 
of grades available is the result 

of the need to tailor-make alloys 

for the severe service applications 
in which the castings are employed. 
(Q-general, R-general; $22: 

SS, SGA-g, SGA-h, 5-60) 


erties and applications for the alloys. The A.C.1. 
system of nomenclature is used in A.S.T.M. speci- 
fications and by many individual producers. The 
Aircraft Material Specifications group of S.A.E. 
has adopted these chemical ranges in a number 
of specifications; they are also used for several 
specifications of the United States Navy. 

High-alloy castings have a somewhat lower 
modulus of elasticity in tension than steel, vary- 
ing from about 24,000,000 psi. for the high-nickel 
grades to 29,000,000 for the chromium-predomi- 
nant alloys. This compares with 30,000,000 for 
steel. Density of the alloys is very similar to 
steel. The specific heat of steel, 0.12 Btu. per lb. 
per °F., is bracketed by the casting alloy values 
of 0.11 to 0.14. 

Except for the lowest alloy types, CA and HA, 
none of the high alloys go through the allotropic 
changes characteristic of carbon and low-alloy 

*Executive Vice-President, Alloy Casting Insti- 
tute, Mineola, N. Y. 
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steels, upon heating. 


Thus, the high alloys are 
not hardenable by heat treatment except for the 
two grades noted above. 
heat resistant grades are normally supplied in the 
as-cast condition. 


For this reason, the 


Heat treatment of corrosion 
resistant grades is for the purpose of maintaining 
carbides in solution. 


(Heat resistant grades are 
designated by initial letter “H’ 
ant grades by “C”. ) 

The magnetic properties of high-alloy castings 
depend on their microstructure. The straight 
chromium types, CA, CB and CC, HA, HC and 
HD, are ferritic in structure and ferromagnetic. 
All the other grades are mainly austenitic, 


corrosion resist- 


with 
and are 
either weakly magnetic or wholly nonmagnetic. 
All the high alloys have higher electrical resist- 
ance, large: thermal expansion coefficients, and 


or without minor amounts of ferrite, 


Fig. 1 — Valve Bodies Made of Type CF-S, Weight 
About 180 Lb. Each. They are produced six at 
a time by a multiple centrifugal casting technique 


The articles and data sheet which follow 
on high-alloy castings constitute another in 
a sev.es of special reports on metallic mate- 
rials which the editors of Metal Progress 
will present from time to time to help you 
do a better job in metals engineering 


lower thermal conductivity than steel. These 
properties influence the design of structures for 
high-temperature service and must also be con- 
sidered when castings are made part of a com- 
posite welded structure. 

Contraction of high alloys in going from the 
liquid to the solid state, and subsequently to 
room temperature is, in general, greater for high 
alloys than for steel. Accordingly, the shrink- 
ages allowed by patternmakers for the high-alloy 
grades are higher than those for steel, and con- 
siderably greater than those for gray iron. This 
means it is important that pattern equipment be 
specifically designed for high-alloy production 
if dimensionally accurate castings are to be ob- 
tained. Best results are realized when the found- 


iyman is consulted in the early stages of design. 


Mechanical Properties 


At room temperature, tensile strength of the 
cast high alloys ranges from 55,000 to 220,000 psi. 
and hardness from Brinell 130 to 470. Similar 
wide ranges exist in vield strength, 
and impact values, 


elongation 
With respect to the last 
the wholly austenitic type con- 
taining 19% Cr and 9% Ni (grade CF-S), is out- 
standing in its retention of toughness at subzero 
temperatures. At —423° F. 
of liquid hydrogen), this alloy has an impact 
strength of over 50 ft-lb. in comparison to about 
75 ft-lb. at room temperature. 


characteristic, 


(the temperature 


In the temperature range where the heat re- 
sistant high alloys are used, several factors not 
usually conside red in design of structures at 
ordinary temperatures have an important bearing 
Because the 
the region of plastic rather 
than elastic strain, the time element is vital. For 
this reason, 


on the acceptable design stress. 
castings operate 


the high-temperature mechanical 
strength is reported in several ways. The first 
of these is the conventional tensile test, with the 
load applied at a fairly rapid rate (usually 0.03 
in. per min. rate of separation of the gage marks), 
with values of ultimate strength, yield and elon- 
gation given for the various test temperatures. 
These so-called short-time tests are useful in 
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Weirton equips cold strip mill with 
double-poured Ni-hard working rolls 


Ni-Hard nickel-chromium cast iron provides hardness of 


80 to 82 Shore...provides long life, consistently good finish 


Weirton Steel Company, a division of 
National Steel Corporation, is using 
double-poured Ni-Hard* nickel- 
chromium alloy iron working rolls on 
all five stands of its cold strip mill. 
These Ni-Hard rolls are 23-inches in 
diameter with a 52-inch face. Six 
stands in Weirton’s hot strip mill are 
also equipped with Ni-Hard rolls. 


Why Ni-Hard working rolls? N i-Hard 
cast Iron possesses a matrix struc- 
ture in the mold cooled condition that 
is akin to that of heat treated steel. 
In addition, it contains a multitude of 
refined carbides which make an im- 
portant contribution to its abrasion 
resistance. The resulting structure 
has great hardness, strength, and re- 
sistance to impact. 


Ni-HARD 


be 


For your applications. Ni-Hard alloy 
possesses the fluidity and freezing 
range of the cast irons and can be 
readily cast in all forms and shapes 
common to the iron and steel foun- 
dry. If you'd like specific informa- 
tion concerning its application to 
your abrasion problem, write Inco. 
For details on double-poured Ni-Hard 
rolls, write the fabricator, United 
Engineering Company. 

Registered trademark 
The International Nickel Company, Inc. 
67 Wall Street gd New York 5, N. Y. 


NICKEL MAKES CASTINGS PERFORM BETTER LONGER 
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Heat treated with AEROHEAT 1400, Nichromet V stands up 


to the toughest assignments. . 


. was chosen for the al 


important punishment-taking heating elements in the 


ultra-modern strip furnaces at the Carnegie-Illinois Steel 


Corporation’s Vandergrift plant. 


WHY DRIVER-HARRIS HEATING ELEMENTS 
RATE WORLD'S TOUGHEST ASSIGNMENTS 


The leading manufacturer of elec- 
tric heating and resistance alloys, 
Driver-Harris Company of Harri- 
son, New Jersey, knows the vital 
importance of selecting the right 
heat treating compound. That’s why 
the company chooses from Cyan- 
amid’s comprehensive range of 
AEROHEAT compounds to give each 
alloy its particular characteristics. 


Driver-Harris, for example, uses 
AEROHEAT 1400 in the manufacture 
of Nichromet+ V, universally recog- 
nized as the outstanding heat-re- 
sistant and corrosion-resistant al- 
loy. AEROHEAT 1400 plays a big 
part in giving Nichromet V its ex- 


4+ T.M. Driver-Morris Co 


ceptional uniformity, the ability to 
retain its physical and electrical 
properties at elevated temperatures, 
and the toughness to withstand the 
most punishing conditions. 
You too can upgrade your products, 
lower your costs with AEROHEAT 
Heat Treating compounds. For de- 
tails, just call your Cyanamid Metal 
Chemicals representative. 
Cyanamid’s heat treating com- 
pounds include: 
AEROCARB® Carburizing 
Compounds 
AEROCASE® Case Hardening 
Compounds 
AEROHEAT Heat Treating Salts 


Other products for metal process- 
ing include: 


AEROBRITE® Metal Processing 
Aids 


AEROSOL® Surface Active Agents 

AERO* Metallic Stearates 

AEROMET® Metallurgical Additive 

AERO* Calcium Carbide 

Acids, Alkalis and other Heavy 
Chemicals. 


American Cyanamid Company, Proc- 
ess Chemicals Department, 30 R 
feller Plaza, New York 20, New York. 
In Canada: 
Limited, Montreal and Toronto 


*T.M. Cyanamid 
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Bauch & Lamb Salute: 
L.E. Samuels 


... Blue Ribbon Award Winner, 1957, AS.M. Metallographic Exhibit 


BLUE RIBBON AWARD 
WINNER for the best photo- 
micrograph in its class— 
Mr. L. E. Samuels, Australian 
Defence Scientific Service, 
Defence Standards Labora- 
tories, Sydney, Australia. 


HIS AWARD-WINNING 
PHOTOMICROGRAPH 
MADE WITH A 

BAUSCH & LOMB 
METALLOGRAPH 
“Deformation Twins and Kink 
Bands in Compressed Poly- 
crystalline Zinc.’ 


Bausch & Lomb Metallographs 
help industry boost output 


and maintain quality 
by providing detailed magnified images—visual or photographic—for routine work and advanced research. 


Ease and comfort are basic design features of the B&L Balphot Metallograph—one of a complete line of 
metallographic equipments. You sit relaxed, with all major controls within effortless reach. A flick of a switch 
provides clear, sharp images for microscopy . . . for group viewing (with exclusive Magna-Viewer projector -e 
screen) ...or for photomicrography. 


Find out how these faster, easier, completely dependable analyses can help you save on time and materials. 
Write for Catalog E-240, and for complete expert advisory service. No obligation, 
of course. Also, limited edition brochure of this Blue Ribbon 

Award series, on request. Bausch & Lomb Optical Co., 
63836 St. Paul St. Rochester 2, New York. 


America’s only complete optical source . 


from glass to finished product. BAUSCH & LOM B 
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Fig. 2 — Heat Treating Tray 
Cast From Type HU for 
Use in Gas-Fired Anneal- 
ing Furnace at 1750° F. 
The tray carries about 270 
lb. of small gear forgings 


indicating the maximum stress that can be with 
stood without failure for a short period of time. 
They apply to a short-lived structure, or to a 
momentary overload of a structure intended for 
long service. These data, however, are not a 
reliable guide to the comparative strength of 
different alloy grades for long periods of time. 

For long service, the designer must consider 
the rate of deformation of a loaded part at con- 
stant temperature, or the life that can be ob- 
tained before fracture at some particular stress 
level. To satisfy the designer's interest in detor 
mation, values are reported at different tempera- 
tures for the “limiting creep stress’. This is the 
stress on the original cross section resulting from 
a constantly applied load that will produce a 
constant rate of strain or “secondary creep” - 
values are frequently given for a stress which 
will produce a creep rate of O.0001% per hr. 
Where fracture time is the criterion, data are 
reported for stress to rupture in 10 hr., 100 hr., 
1000 hr. or even longer times. 

\ design stress frequently suggested is 50°% of 
the limiting creep stress at the maximum operat- 
ing temperature. Such a value should be ap- 
plied only under conditions of direct axial static 
loading and with essentially uniform tempera- 
tures. Where impact loading or rapid tempera- 
ture cvcles are involved, a considerably lower 
percentage of the limiting creep stress should 
be used. In the selection of design stresses, safety 
factors should be higher if the parts are inacces- 
sible, nonuniformly loaded, or of complex design. 
They may be lower if the parts are accessible for 
replacement, fully supported or rotating, and of 
simple design with little or no thermal gradient. 
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The corrosion resistant alloys are, in general, 


resistant to oxidizing media. The more strongly 
oxidizing the corrosive, the higher the alloy con- 
tent needed. Alloys containing nickel, molyb- 
denum and copper resist reducing or weakly oxi- 
dizing media. The article by Mr. Bryan on p. 
102 gives data on selection of alloys for corrosive 
service. The austenitic alloys are heat treated 
at about 2000" F. to get all the carbon in solution 
Then they are rapidly quenched to avoid repre- 
cipitation of chromium carbides. 

Corrosion resistance and other service condi- 
tions should be considered in the selection of 
alloys for high-temperature use, as is discussed 
by Mr. Miller in an article on p. 98. Here, the 
resistance to corrosion generally refers to gas- 
eous rather than aqueous media. Chromium 
gives resistance to oxidation by air and furnace 
gases. Silicon promotes resistance to oxidation 
and also helps to prevent carburization in car- 
burizing atmospheres. Nickel is important in 
resisting carbon penetration but reduces resist- 
ance to sulphur-bearing gases. The heat re- 
sistant alloys are also used to contain molten 
metals and salts; the various grades show differ- 
ent degrees of resistance. 

An engineer confronted with a condition of 
corrosive or high-temperature operation must se- 
lect a material of construction that will give an 
economic life in service. He must then design 
his structure within the limits of the physical and 
mechanical properties of the material selected. 
Heat and corrosion resistant high-alloy castings 
provide the designer with combinations of prop- 
erties that answet1 many requirements more eco- 
nomically than other materials. 8S 
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High-Alloy Castings . . . 


Selection of Alloys 


Emphasis should be on minimum cost per operating hour, 


for 


Heat Resistant Service 


By R. A. MILLER* 


not on first cost alone. Proper choice of an alloy to do a given job 
depends upon several considerations. Among these are hot strength, 
resistance to hot gases, hot and cold ductility, resistance to carburization 


How po you select the right casting for a 
particular, and sometimes unique, high-tempera- 
ture application? The problem posed by this 
question often requires difficult: compromises. 
We consider the range of 1200 to 2200° F. as 
the area where heat resistant castings should be 
applied. The data sheet, p. 96-B, gives the 
chemistry and properties of many widely used 
heat resistant alloys. The heat resistant groups 
are designated with the initial letter “H". The 
alloys range from about 10 to 30% Cr and from 
0 to 70% Ni. 

The first requirement in the selection of the 
right casting is knowledge of the properties of 
the alloys. Physical properties which must be 
considered are thermal expansion, thermal con- 
ductivity and electrical resistivity. Significant 
mechanical properties are room-temperature 
strength and ductility, elevated-temperature 
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and thermal fatigue. 


(Q-general, 17-57; SGA-h, SS, 5-60) 


strength and thermal fatigue resistance. Other 
factors are castability, weldability, machinability 
and surface stability to the operating environ- 
ment. We follow a step-like sequence in select- 
ing an alloy casting for a set of ope rating condi- 
tions. This article is built around our experience 
in applying this logic. 


Operating Temperature 


The first step considers the maximum tempera- 
ture of operation of the casting. This is not 
necessarily the furnace temperature, as recorded 
on the controller, but means the actual te mpera- 
ture reached by the casting when in use. Fre- 
quently, a casting will operate at a temperature 
much above the furnace control te mperature, 
\n example: radiant tubes for heating a con- 


*Division Metallurgist, Electro - Alloys Div., 
American Brake Shoe Co., Elyria, Ohio. 
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Table 1— Typical Environments in Which High- 
Alloy Castings Are Used in Order of 
Increasing Severity 


\. Air 
B. Combustion Products 
1. No sulphur CO, CO., H.O, Nz, O. 
2. Sulphur — CO, CO,, Oy, Nz, SO, on 
H.S 
Reducing 
1. Exothermic — CO, CO., Haz, 
2. Endothermic — CO, H., Nz 
3. Cracked ammonia or hydrogen — Nz, 
Carburizing and carbo-nitriding — H., N. 
(or other hydrocarbons) 
Liquids 
1. Metals — Pb 
2. Salts — neutral, 


H.O, 


evanide 


trolled-atmosphere furnace, Here the tempera- 
ture of the tube wall may be as much as 300° F. 
above the normal operating temperature of the 
furnace 

Also, there are conditions where the casting 
may operate at a temperature considerably below 
the operating temperature of the equipment. An 
example is the alloy-brick retaining segments in 
a cement kiln. Although the temperature of the 
clinker flowing over the segments may approach 
3000" F., the temperature of the 
exceeds 2000° F. 


casting seldom 


Operating Environment 


The second step considers the atmosphere in 
which the alloy casting is to be used. Table 
gives the most common environments in heat 
treating operations, listed in order of increasing 
severity on the alloy. For furnace environments 
\. B, and C 


their maximum recommended operating temper- 


. any of the alloys can be used up to 


ature. However, the maximum operating tem- 
perature for many castings must be lowered 
they are to be used in furnace environments D 
and E. 

Several exceptions noted. For 


atmospheres, either oxidizing or reducing, which 


should be 


contain appreciable amounts of sulphur, the 
high-chromium low-nickel grades, HC, HD 
The HE grade is 


the one most widely used to combat sulphur 


HE. should be considered. 
conditions. Grades which are most frequently 
used in contact with liquid metals are HH and 
HT. In liquid carburizing salts, the HT grade 
Neutral salts 
are very corrosive and generally cause inter- 
Selection of an alloy for 
neutral salt service should be referred to the 


is the most generally used alloy. 


granular oxidation. 
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foundry for recommendation because in many 
cases it is necessary to sacrifice some high-tem- 
perature strength by producing an alloy to a low- 
carbon specification to resist intergranular attack. 


Operating Conditions 


The third step considers the service condition 
under which the alloy will operate. Generally, 
this can be broken down into three cate gories: 

1. Continuous or semicontinuous with respect 
to temperature and atmosphere. 

2. Discontinuous 
(a) Slow heating and cooling 
(b) Rapid heating or cooling 
(c) Quenching 
3. Mechanical abuse 

\ semicontinuous operation is defined as one 
in which the part is seldom cooled to room tem- 
perature, but it may be subjected to fluctuating 
temperatures, An example: a rotary carburizing 
retort operating continuously during the week 
but idled at a somewhat lower temperature 
over the weekend. Additional temperature fluc- 
tuations occur when a cold load of work is 
charged into the hot retort. 

Discontinuous conditions are those in which 
the casting is cycling between room temperature 
and operating temperature. These occur in 
equipment operating on a one-shift basis, or in 
operations where the 


casting accompanies the 
work 


in and out of the furnace. Here an im- 
portant factor called thermal fatigue enters the 
picture. Thermal fatigue damage occurs when 
thermal stresses, differential tem- 
peratures, exceed the vield point of the alloy. 
The high thermal expansion with low thermal 
conductivity, and relatively low yield point of 
the austenitic heat resistant alloys accentuates 
this problem. Increasing the amount of nickel 
in the alloy increases resistance to thermal fatigue 
failure. In 


created by 


instances where the problem is 
severe, such as direct quenching, additional ele- 
ments such as columbium and molybdenum 
improve thermal fatigue properties very mark- 
edly, particularly where 


are involved. 


carburizing conditions 


Let's consider some other examples of how 
service considerations influence alloy selection: 
\ rotary carburizing retort operating under con- 
tinuous conditions may be made from HT alloy. 
However, if it operates under semicontinuous or 
discontinuous conditions, it should be made from 
HW alloy. A furnace rail made from HT alloy 


for use in a carburizing furnace may last five 


vears. However, a tray or fixture made from the 
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same alloy for use in this furnace might last only 
six months to one year, when employed in a 
quench. 

The final narrowing in the choice of alloys 
usually occurs when strength and design require- 
ments are considered. If service requires a high- 
strength alloy, choice narrows rapidly. If, on 
the other hand, strength required is low, several 
alloys may be in the picture. Then, selection 
becomes largely a matter of cost. 

Certainly, in today’s economy, cost is an 
important factor. However, the cost of heat 
resistant castings should be considered on the 
basis of units of production, whether it be 
operating hours, tons per hour, or some other 
acceptable measurement, rather than strictly 


on first cost basis. Maintenance and downtime 


100 


Fig. 1 — Rivetless Conveyer Chain (Front) and 
Serrated Chain (Rear) Used To Carry Axle 
Shafts Through Hardening Furnace. The chain 
which is used up to 1800" F. is made from Type 
HT when thermal shock is a factor and Type 
HH when operating under constant temperature 


costs must also be included. Even though alloy 
A may cost 50% more than alloy B originally, it 
it lasts twice as long in service, it will be con- 
siderably cheaper in the long run. 
Design Considerations 

The most carefully selected alloy will not per- 
form satisfactorily if cast into a poorly designed 
shape. Although detailed design considerations 
are beyond the scope of this paper, three simple 
rules will be mentioned. The most important is 
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Fig. 2 — Oil or Gas Burner 
Deflector for Use up to 
2000° F. Is Produced From 
HK Alloy Castings. Some 
30 in. in diameter, it is 
assembled by welding with- 
out machining the 


faces 


the thermal gradient pattern to which the cast- 
ing will be subjected. Rigid designs will distort 
or crack under conditions of large or fluctuating 
heat gradients. The second factor: the design 
used should permit the foundry to produce a 


All the readily 
characterized by high 


high-quality casting. alloys are 
castable but 


shrinkage. The 


some are 
patternmaker's allowance for 
shrinkage is 9/32 in. per ft. Another considera- 
tion in design is the mechanical loading which 
the casting must bear. All alloys used for high- 


temperature castings can be welded. It is 
important for the designer to remember this. 
Frequently, it is better to produce a complex 
casting by making several simple components, 


then weld these into the final part. 
Practice 


Here are some examples of alloy selection 
following the procedures discussed above: 

Example 1 — A continuous carburizing furnace 
contains radiant tubes for heating, rails and pier 
Which alloys should be 
Operating tempera- 


caps, trays, and fixtures. 
used for the various parts? 
ture is 1700° F 
riched with methane. 


.. atmosphere is endothermic, en- 
Trays are heavily loaded 
and subjected to an oil quench. 

Step 1 — All alloys, except HF, will withstand 
this temperature. 

Step 2 — The higher nickel alloys are required 
because of atmosphere used. 
in the series HK to HX. 

Step 3— Thermal fatigue is severe for trays 


This means alloys 


and possibly the first radiant tubes which must 
heat the tray load. 
Radiant tube temperature may 


For rest of parts, it is vari- 


able, but mild. 
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be 1900 to 2000° F.. 


in diffusion zone. 


in preheat area, and 1750" F., 
High strength is needed 
trays and tubes. 

Selections: Alloy HT or HU, with or 
for strength and thermal 
fatigue HK or HL in 


heat zone for strength and temperature resistance 


Trays: 
without columbium 
resistance. Tubes: pre- 
and HK or HT in balance of furnace for carburi- 
» long life, Rails, 
Alloy HT for temperature resist- 


zation resistance and lower cost. 
pier caps, ete.: 
high 
and long life. 
Example 2— A cement kiln contains firebrick 


ance, strength, carburization resistance 


retaining segments on the discharge end and a 
feed pipe. It may also contain dampers to regu- 
late draft through the kiln. 
charge end, next to burner, will vary from 1600 

» 2000” F. 
are no significant thermal fatigue problems. 


Temperature at dis- 
Operations are continuous and there 


Atmosphere is a mixture of air and fuel combus- 
tion gases, 

Selections, after following the steps, are: Alloy 
HH for the discharge and segments, and HF for 
the other parts. 

Example 3—Wire is heat treated using a 
double lead, patenting process in which the wire 
is drawn through lead contained in a pan at 1600 
to 1650° F. 
21 days by oxidation and deformation. 

Step 1— All alloys except HF will withstand 
alloys HH and HT 


frequently specified for liquid lead service. 


Pans are cast iron and fail in about 


this temperature; are most 

Step 2 — Although loading is heavy, tempera- 
ture is practically continuous. Alloy selection 
is HH. Service records shows that pans made 


from this alloy give over 500 days of service. @ 
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High-Alloy Castings . . . 


Selection of Alloys 
for 


Corrosion Resistant Service 


Castincs are made of corrosion resistant 
alloys for the same reasons that other metals are 
used in the cast form: First is the relative case 
and economy of getting integral components of 
complex shape. Second, the casting process 
gives efficient distribution of metal for optimum 
strength-to-weight ratio and _ rigidity. Fre- 
quently, it is easier to obtain castings in a small 
quantity with a specific analysis than it is to get 
the same composition in rolled or forged prod- 
ucts. Also, certain useful compositions cannot 
be successfully rolled or forged. 

The first consideration in selecting an alloy is 
a knowledge of the characteristics of the cor- 
rosive environment. Usual classifications are 
oxidizing, neutral, or reducing. However, there 
are many other factors such as concentration, 
temperature, aeration, velocity, and, particularly, 
contamination of the medium. It is the exception 
to have a pure corrodent in process applications. 

Stainless steels are corrosion resistant because 
of the phenomenon of passivation which results 
in very low rates of corrosion in many solutions 
which rapidly attack ordinary steels. Chromium 
imparts passivity to ferrous alloys when present 
in amounts more than about 11%, 


conditions 


particularly if 
oxidizing. Corrosion 
resistance improves as chromium content. in- 
creases beyond the minimum required for pas- 
sivity. Addition of nickel to iron-chromium 
alloys improves ductility and impact strength. 
Resistance to corrosion by neutral chloride solu- 
tions and weakly oxidizing acids increases in 
proportion to nickel content. Addition of molyb- 
denum increases resistance to attack by pitting 


are strongly 


*Manager, Custom Product Sales, 
Inc., Dayton, Ohio. 


Duriron Co., 
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By W. T. BRYAN* 


The corrosive environment 

should be studied 

for oxidizing or 

reducing characteristics, temperature, 
or influence of contaminants. 

Other factors include 

mechanical properties and metallurgical 
structure. (Q-general, R-general, 
SGA-g, SS, Ni, 5-60) 


17-57: 


chloride solutions. It also extends the range of 
passivity in solutions of low oxidizing character- 
istics. In all iron-chromium-nickel stainless 
alloys, the lower the carbon content, the better 
the corrosion resistance. 

The corrosion resistant high-alloy castings are 
designated with the initial letter “C” in the Data 
Sheet on page 96-B. They are referred to as 
iron-base and nickel-base, with the former repre- 
senting probably 95% of production because of 


their almost universal application and lower cost. 
Iron-Base Alloys 


The chromium Type CA-15 alloy, containing 
11.5 to 14% Cr, has a martensitic structure and 
thus may be heat treated to achieve hardness 
where wear is involved. It is used widely for 
trim in carbon steel valves, for pumps to handle 
acid mine water involving abrasives, and in 
paper mill applications where wear is equally as 
important as corrosion resistance. Type CB-30 
alloy, containing 18 to 22% has a ferritic 
structure and thus cannot be heat treated to gain 
hardness. However, its higher chromium content 
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Fig. 1 — This Mixer, Used 
in Highly Corrosive 


Oxidizing Solution, Is 
Cast of a High-Molybde- 
num Type CF-SM Alloy 


allows a slightly higher range of acid concentra- 
tion and temperature. 

The iron-chromium-nickel alloys have found 
wide acceptance and constitute about 60% of 
the total production of cast high alloys. They 
are generally referred to as being austenitic or 
nonmagnetic, balance here is 
they may be slightly magnetic 
depending upon the chemistry of the heat or 
compensating effects of 


However, the 


fairly narrow; 


various alloying cle- 
ments. The most popular alloys of this type are 
CF-8 and CF-SM. Their nominal composition 
is 18% Cr and 8% Ni, with or without 2.5% Mo. 
Carbon is maintained at 0.08% max. 


Heat Treatment 


The optimum corrosion resistance of these 18-8 
grades of stainless steel, which are essentially 
is obtained by heating in the range 
of 1950 to 2050° F., and then quenching in water, 
oil or air to insure complete solution of carbides. 
Water is generally the accepted quenching me- 
dium; air is used only on relatively thin sections. 
Holding time at temperature will vary with 
thickness of the casting section, but should be 
long enough to heat all 
throughout. 


austenitic, 


sections uniformly 


This process is known as solution 
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If it is not done properly, or if the 


alloy is exposed in the range of 800 to 1600° F. 
after solution quenching, 


cyte nching 


complex chromium 
carbides may re-form preferentially at grain 
boundaries. carbides are attacked selec- 


tively in oxidizing solutions and will in time lead 


These 


to failure by intergranular corrosion. 
The extra low-carbon grades, CF-4 and 
CF-4 M, which contain 0.040% C max. 
1 quantity for applications where heat treat- 
ment is impractical or fabrication by welding is 
after 
modified grade of 


are made 


required machining. The columbium- 
18-8, known as CF-8C, is 
produced for special applications. After proper 
solution quenching of this grade, if heating takes 
place in the critical range 800 to 1600° F. (par- 
ticularly 1050 to 1200° F.), carbides will precipi- 
tate preferentially as columbium carbides in- 
stead of chromium carbides, and corrosion re- 
sistance is not impaired. 

The accepted test for evaluation of proper 
heat treatment is ten days in boiling 65% nitric 
acid. Maximum corrosion rate permitted in the 
test is 30 mils per year. Recently, a rapid quali- 
tative etching test using oxalic acid has been 
These tests 


in A.S.T.M. Specifications A 262- 


deve lope dl for screening purposes. 
are described 
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55 T and A 393-55 T, respectively. Failure due 
to intergranular corrosion occurs less freque ntly 
than it did 15 years ago. This is attributed to 
the use of gaseous oxygen in removing carbon 
during melting, modern heat treating equipment, 
and more know-how in the casting industry. 
Same as with wrought grades, other special 
analyses are available which contain selenium or 
sulphur (about 0.30%) to improve machinability. 
These are not widely used. The ability to 
machine the conventional CF-S alloy has ad- 
vanced to the point where the slight assistance 
from these elements is generally not needed. 


Iron-Chromium-Molybdenum Alloys 


Alloys of the CF-8M_ type are sufficiently 
important to deserve more comment. They are 
a modified CF-8 type to which molybdenum is 
added, in the range of 2.0 to 3.0%, to enhance the 
gene ‘ral corrosion resistance. Their passivity is 
more stable under weakly oxidizing conditions. 
They have good resistance to corrosive media, 
such as sulphurous and acetic acids, and they 
are more resistant to pitting when exposed to 
mild chlorides. These alloys are not recom- 
mended for use in sea water or severe chloride. 

Structure of these alloys is essentially aus- 
tenitic, with a small amount of ferrite (15 to 
20%) distributed throughout the matrix in the 
form of discontinuous pools. When heated 
the range 800 to 1600” F., these pools provide a 
preferred location for carbides to precipitate. 
This tends to reduce the susceptibility to inter- 
granular corrosion caused by precipitation of 
carbides at the austenite grain boundaries. 

The amount of ferrite decreases as the carbon 


Fig. 2— Pump Casings Cast of Type CN-7 M Alloy 


content increases. Thus, the low-carbon grade 
is more strongly magnetic than the higher carbon 
grade. The elements chromium, molybdenum, 
and silicon promote the formation of ferrite 
(magnetic), whereas carbon, nickel, and manga- 
nese favor the formation of austenite (nonmag- 
netic). It is inconsistent to specify the extra 
low-carbon grade (0.04% C max.) and at the same 
time request that the ¢ castings be completels 
nonmagnetic. This can be done but it requires 
12 to 15% nickel instead of 9 to 12%. 

The equivalent wrought grade (Type 304 L 
normally contains about 13% Ni. It is intention- 
ally made fully austenitic, or nonmagnetic, to get 
improved rolling and forging characteristics. 
However, there are advantages of the partially 
ferritic cast structure, such as increased corrosion 
resistance under certain conditions. greater 
strength, and improved weldability. 


Alloys With Higher Nickel 


So far we have discussed only the iron-chro- 
mium and iron-chromium-nickel alloys, and while 
these are widely used, there are many severe 
services where they are unsatisfactory. This 
resulted in the development of the iron-nickel- 
chromium grades in which nickel is present in 
amounts greater than chromium. Most impor- 
tant is alloy CN-7 M witha nominal composition 
of 28% Ni, 18% Cr, 3% Cu, 2.5% Mo and 0.07% 
C max. In effect, 20% Ni ual 3% Cu have been 
added to the CF-8M _ type alloy. This gives 
greatly improved resistance to hot concentrated, 
weakly oxidizing solutions such as sulphuric 
acid and also improves its resistance to severe 
oxidizing media. Alloys of this type will with- 
stand all concentrations of sulphuric acid up to 
150° F., and many up to 176°F. They are 
widely used in nitric-hydrofluoric pic ling solu- 
tions, phosphoric acid, cold dilute hydrochloric 
acid, hot acetic acid, strong hot caustic solutions, 
brines, and many complex plating solutions and 
rayon spin baths. 

It is easier to define the conditions for which 
these higher nickel alloys are not satisfactory. 
Generally, they involve unstable chlorides. The 
influence of contaminants is one of the most 
important considerations in selecting an alloy 
for a particular process application. Ferric 
chloride in relatively small amounts, for example, 
will cause concentration cell corrosion and _pit- 
ting even though this salt is not added intention- 
ally. A build-up of corrosion products in a 
chloride solution may increase the iron concen- 
tration to a sufficient degree to be destructive. 
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Thus, chlorine salts, unstable chlorinated organic 
compounds, or wet chlorine gas cannot be 
handled by any of the iron-base alloys previously 
discussed. This creates a need for the special 
nickel-base alloys shown in the lower part of 
the Data Sheet (p. 96-B). 

There are five proprietary nickel-base alloys. 
Although they are expensive and are produced 
in relatively small quantities, they fill the gap in 
The first is a 65% 
Ni, 30% Mo composition useful under highly 
reducing conditions, such as hot concentrated 
hydrochloric and aydrofluoric acids, and also in 
severe applications involving phosphoric and 
sulphuric acids and caustics. 


the corrosion resistant series. 


This alloy does 
not contain chromium and thus has little or no 
resistance to oxidizing media. It is a very com- 
plex alloy and difficult to machine. 

One of the most important alloys in this series 
is the 65% Ni, 17% Cr, 17% Mo composition. 
Like the alloy above, it may be used under very 
severe reducing conditions but is not sensitive 
to oxidizing agents present in a mixed acid or 
which might appear as a contaminant. In a 
sense it is a superalloy in that it will resist bleach 
solutions such as chlorine dioxide, sodium and 
calcium hypochlorites. In addition, it is not sub- 
ject to pitting when used to handle solutions 
contaminated with ferric, cupric or mercuric 
chlorides and chlorinated organic compounds, 
such as chloro-acetic acid. While this nickel- 
base alloy is serviceable for the unusual corrosive 
conditions, generally speaking, it is not as re- 
sistant as the iron-base austenitic alloys to highly 
oxidizing conditions, such as nitric and mixed 
acids. It's similar to its sister alloy, without 
chromium (noted above), in that it is expensive 
and is difficult to machine. 

The three remaining alloys in this series are: 
Monel, nickel and Inconel. Monel contains 65% 
Ni and 30% Cu and is used exclusively for re- 
ducing conditions such as hydrofluoric acid, 
hydrochloric acid and sea water. It is not re- 
sistant to general oxidizing conditions. 

Pure nickel castings contain about 5% total of 
silicon, manganese, carbon and iron. However, 
these elements do not destroy the corrosion 
resistance and are required for the casting proc- 
ess. Primary use of nickel castings is in handling 
caustic solutions, dry hydrogen chloride and 
chlorine gas. Nickel-base alloys are similar to 
the copper-base alloys in that they are not sub- 
ject to pitting in chloride environments; however, 
they do not have the broad base of corrosion 
resistance typical of the iron-chromium-nickel 
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Fig. 3 — Cast of Type CE Alloy, This Unit 
Weighs 900 Lb. and Must Resist Heat 
and Corrosion of Hot Sulphite Liquor 


alloys because they do not protect against oxida- 
tion. Inconel contains about 78% Ni and 14% Cr. 
It generally has the same uses as Monel and pure 
nickel. 


it to resist mildly oxidizing conditions. 


However, its chromium content enables 


The design engineer has an important role in 
prolonging the life of equipment in corrosion 
services. One of the first factors he should con- 
sider is wall thickness. The rule is often fol- 
lowed that it should be twice the thickness 
needed to give the desired life. For example, if 
a ten-year life is required and the best estimate 
is that corrosion will penetrate % in. in this 
period, then the minimum thickness should be 
4 in. For the average size casting. this is the 
minimum wall for castability. 


All of the alloys discussed are readily welded 


and an increasing number of assemblies involving 


designs too difficult to produce as integral cast- 
ings are being made by welding component 
castings. A sound casting, free of internal 
shrinkage, is the best insurance that the service 
life predicted from corrosion test data will be 
realized. Areas of low density will result in 
accelerated localized attack. Thus, on new de- 
signs it is important that the designer consult 
with a qualified foundry and corrosion engineer. 

The user of corrosion resistant castings should 
realize that there is no well-defined shortcut to 
the selection of the exact alloy — particularly for 
the more difficult applications. After the con- 
ditions have been studied, giving consideration 
to concentration, temperature, and other factors, 
such as contaminants in the corrosive solutions, it 
is often wise to make in-plant tests of a select 


number of alloys. i) 
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Resistance Welded Tube Joints 


in. Heat Exchangers 


Resistance welded tube joints, metallurgically sound, uniform, 
and capable of resisting severe thermal shock cycling, 


By J. J. MUELLER* 


have been produced in Inconel, stainless steel, and several other 
nickel-base alloys. Operation skill and workload are not taxed 


Tue HEAT EXCHANGER has to operate at a 
much higher level of efficiency than in the past. 
In addition, it must provide trouble-free service 
for much longer periods at higher temperatures 
and in more corrosive environments. This has 
placed more stringent requirements on the tube- 
to-tube sheet joints. These joints have been a 
major trouble spot. 

Meets New Demands — Fusion welding tech- 
niques have been modified and refined to pro- 
vide sound and serviceable weld joints to meet 
these new demands. The inert-gas-shielded 
tungsten-arc process has been of great value. 
However, in many instances, because of the in- 
herent deficiencies of many fusion weld struc- 
tures, trouble-free operation is not possible. The 
metallurgical deterioration associated with the 
fusion process manifests itself in lower impact 
and fatigue strengths, and in segregation and 
constituent precipitation which aggravate the 
corrosion problem. In addition, high-order 
locked-in stresses often develop and may cause 
cracking and distortion in the as-welded condi- 
tion or during stress-relieving treatments. 

Resistance welded tube joints, consistently 
strong, leakproof and resistant to severe therm: J 
shock cycling, have been produced. Weld bonds, 
typical of the pressure-type weld and also of the 
recrystallization-type, have been made in stain- 
less steels, Inconel, and other nickel-base alloys. 
The automatic resistance welding process is also 
~~ *§enior Metallurgical Engineer, Materials Sec- 
tion, Martin Nuclear Div., Martin Co., Baltimore, 
Md. The author extends his appreciation to the Oak 
Ridge National Laboratory and the U. S. Navy, 


Bureau of Ships, for permission to present this in- 
formation. 
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in this automatic process. (K3; SS, Ni-b, 4-60) 


desirable because operator skill and endurance 
are not taxed. 

Methods of Development — Initial approach 
involved tube and tube-sheet joints of the sim- 
plest type. Tube entrance in the tube sheet was 
drilled and reamed to size. The tube ends were 
then squared off. Because the preparation of the 
components was simple, several methods were 
tried based on this configuration. 

Tube welds made with a sharply tapered elec- 
trode, shown in Fig. 1, left, were inconsistent. 
The bonds were of the nugget type and there 
was a tendency for the tube wall to overheat, 
rupture, and expel molten metal. Sufficient cool- 
ing was not provided by the relatively thin elec- 
trode, and since the tube diameters were small, 
this could not be overcome. The binding of the 
electrode in the tube could not be eliminated. 

Use of a flat-end electrode having a pilot-type 
bore-cooling plug, shown in Fig. 1, right, pro- 
duced a satisfactory nugget in the tube-sheet 
body. By proper se lection of electrode materials 
and welding cycle, the position of the nugget 
was controlled reasonably well. The results were 
more consistent than those obtained with the 
tapered electrode but the nuggets had a tend- 
ency to crack and void formations developed. 
Leak-free joints were not obtained. 

Several other attempts to weld tubing having 
a simple joint design proved impractical because 
of mechanical or electrical limitations. Next, a 
more complicated joint design was used, involv- 
ing a flanged tube end (produced by alternate 
annealing and die forming operations). The tube 
sheet surface was machined at the tube entrance 
to form a ring projection. The arrangement for 
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1 —Schematic Drawing of Resistance 
Welded Tube Joints. Initial approach involved 
a tapered electrode (left) and a piloted flat-end 
electrode (right). shou 


Arrows currents path 


Fig. 2— Schematic Drawing of 
Projection Welded Tube Joint 


Fig Schematic Drawing of Flared Re 
sist e Welded Tube Joints. First approa h 
inv da conical electrode, flared tube and 
stra: cht tube-sheet hole (left). Final method 
substituted a pree hamfered hol right 


welding is shown in Fig. 2. The bonds obtained 
were of the pressure-weld type with a high de- 
gree of bonding at the interface of the deformed 
materials and no melted phase present. The 


Welds 


made without the ring projection on the tubs 


joints produced were strong and leak-free. 


sheet surface were of the nugget tvpe; however. 
they were nonuniform around the tube and were 
unsatisfactory. This flanged 
tube and tube sheet projection — was not suit- 
able because of the 

Final Plan — Subsequently a drilled and reamed 
tube 


method — using a 


cost. 


sheet and a flared tube were constructed. 
Welding was performed with the conical elec- 
Fig. left. 


In the process of welding, initial 


trode shown in Preparation was 
very simple. 
between the 


contact components provided a 


junction having relatively high resistance. Cur- 
rent passing across the point of contact heated 
the corner of the hole which was then deformed 
under the Ini- 
tially, 
when a low welding pressure was used followed 


forging action of the electrode. 
the most satisfactory results were obtained 


by a higher forging pressure. 
The bond produced in a weld of this type is 


similar to the type associated with a pressure 


weld. Appreciable plastic flow of softened tube 
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intertace 
oxide films were completely expelled permitting 
uninhibited recrystallization across the 


and tube sheet material occurred. The 


junction. 
Bonds made in Inconel have strength comparable 
to that of the parent material and are extremely 
resistant to thermal shock effects. However, 
some thinning of the flared portion of the tube 
wall and displacement of the tube through the 
tube Since it 
reduce effects, the 
‘ight). 
Prechamfered Tube Sheet — The flared 
tube was employed, but the edge of the tube- 
sheet hole was chamfered to eliminate the sharp 


sheet occurred. is desirable to 


these method was modified 
slightly (Fig. 3,1 


same 


corner contact between the components. The 
thickness of the flare section was practically un- 
changed during welding, and displacement of the 
tube was reduced to less than one third that in 
the initial method involving a flared tube. 

The deformation characteristics of this weld 
on a prechamfered joint differed from that of 
the initial weld on a flared tube without the 
chamfer since only a small degree of plastic flow 
of material occurred along the bond interface. 
The initial surface oxide films were contained 
along the interface as finely separated particles. 
The bond obtained tended to be of the recrystal- 
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lization type. Figure 4, left, shows the excellent 
joint geometry of the Inconel weld in a precham- 
fered tube sheet. At low magnification the inter- 
face may appear as a line because of a preferen- 
tial attack which seems to take place during 
electrolytic or chemical etching. Figure 4, right, 
shows a bond interface in Inconel containing 
oxide particles. Grains can be seen extending 
across the interface. 

Evaluation — Metallographic examination de- 
termined the type of weld bond obtained, the 
form of the weld configuration and the length of 
the bond. The objective was to obtain a weld 
having sufficient strength, keep wall thinning to 
a minimum and maintain a bond length of at 
least 1144 times the tube wall thickness. 

Applying hydrostatic pressure to single-tube 
coupons was effective in some instances for de- 
termining relative strength values of welded 
joints. Pressure applied to the tube side of the 
tube sheet tended to push out the flared tube 
from the tube sheet, and gave realistic values of 


Fig. 4 — Micrographs of Resistance Welded Inconel 
Joint. Butting surfaces were mated by prechamfer 
ing tube-sheet hole. Left, 75 *; right. 500 


joint strength. Welded clusters were tested to 
observe the effects of the configuration. 

All welded joints were leak tested by helium 
mass spectrograph techniques to insure freedom 
from leaks before further testing. Thermal-cycled 
specimens were leak tested following cycling. 

Thermal shock cycling was of value in deter- 
mining bond strength variations in instances 
where the intended service temperatures were 
high. Inconel test configurations, designed to 
operate near 1500° F., were heated to this tem- 
perature and quenched in water cyclically from 
15 to 25 times. Specimens were of thin-walled 
3/16-in. diameter tubing welded to \%-in. tube- 
sheet coupons. Bond integrity was evaluated in 
this manner. The test was useful in establishing 
the limits of variables in the welding schedule. 

A thermal stress cycle test was devised for a 
resistance welded joint in austenitic stainless 


Austenitic Stainless Stee! Rod 


Fig. 5 — Specimen for 


Thermal Cycle Test 
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Fig. 6 — Weld Joint in Inconel 
Made With a Flared Tube but 
Without Chamfering the Tube 
Sheet. Constant pressure re- 
sulted in heavy oxide film at 
interface. Variable pressure 
squeezed out the oxides. 500 


steel designed to operate at about 500° FF. Here 
two tube-to-tube-sheet coupons of austenitic 
stainless steel were welded together, the tubes 
by a connecting austenitic steel rod and the 
sheets by a ferritic steel sleeve, as shown in 
Fig. 5. The shrinkage of the weld metal drew 
the two tube sheets closer together and prov ided 
an initial shear stress for the weld joints. The 
welded assembly was then heated to 500° F. and 
cycled between this temperature and room tem- 
perature about ten times. During heating, the 
austenitic material expands about twice as much 
as the ferritic material, thus adding to the initial 
stressing. Unsound welds rupture in this test. 
When complete rupture of the joint did not oc- 
cur, metallographic examination of the tested 
joints disclosed the extent of damage to the bond. 

Working Schedule — Having established that 
welding methods involving flared tube and 
chamfered tube sheet were practical and prom- 
ising, the next thing was to find the best welding 
schedules for 3/16-in. Inconel tubing, using 34-in. 
to l-in. square tube-sheet coupons made out of 
ig-in. thick material. A flare angle of 74° was 
selected, based on the results of a previous in- 
vestigation. Welding was performed under water 
to exclude air; the added cooling effect also 
tends to eliminate overheating. 

The first welds, made without chamfering the 
tube sheet, indicated that a variable pressure 
schedule produced the most satisfactory welds. 
Constant-pressure weld schedules resulted in 
bond interfaces containing large amounts of 
oxide film, as shown in Fig. 6. A  variable- 


= 


pressure weld schedule caused expulsion 
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interface material and this produced oxide-free 
bonds. The deformation characteristics were 


better than those observed in the constant-pres- 
sure welds. 

Hydrostatic and thermal shock tests were in- 
effective; therefore, this type of weld in Inconel 
was evaluated metallographically. Schedule 1 
of the table was selected as being the best, 
based on bond appearance, bond length (mini- 
mum acceptable bond length was taken as l'2 
times the tube wall thickness) and the extent of 
tube wall thinning. 

In general, the Inconel welds made in pre- 
chamfered tube sheets did not exhibit molten- 
type bonding. Variations in the quality of the 
bonds were distinguished by metallographic ex- 
amination, augmented by thermal shock cvcle 
tests and hydrostatic tests. At relatively high 
hydrostatic strength levels, specimens that ap- 
peared to be of equal quality behaved differently 
when subjected to a severe thermal shock treat- 
ment. The thermal shock cycle test and metal- 
lographic examination both were used in the 
final evaluation. Schedule 2 of the table was 
ultimately selected for the 3/16-in. diameter In- 
conel tubing. This schedule produced welds in 
Inconel that were completely resistant to thermal 
shock and had bonds of satisfactory length with 
oxide particles dispersed uniformly. 

Foreign Matter — Various surface conditions 
were investigated to determine their effects on 
welds made in Inconel. In general, flared tube 
components which were reasonably clean welded 
satisfactorily. However, oiled surfaces and 
slightly oxidized surfaces did not adversely affect 
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the welds made without chamfered tube en- 
trances. Similar results were obtained for welds 
produced in other materials. Welds made with 
chamfers were more sensitive to foreign matter. 

Prechamfered and flared units have been suc- 
cessfully welded in a variety of iron and nickel 
alloys. In many instances dissimilar metals are 
easily joined. To date, Inconel, Hastelloy B. 
Types 316, 347 and 430 stainless steels and tan- 
talum have been joined in tube-to-tube-sheet 
configuration by resistance welding. The bonds 
obtained in some of these materials are shown in 


Resistance Welding Schedules 


2 
Material Inconel Inconel Type 430 
stainless 
Tube O.D., in. 3/16 1b +8 
Tube wall, in. 0.020 0.020 0.049 
Tube-sheet no chamfer | pre- pre- 
preparation chamfet chamler 
Pressure variable constant variable 
Weld force, |b. 500 1650 950 
Forge force, lb. 1250 2950 
Recompression 5 5 
delay, cycles 
Weld time, 5 6 
cycles 
Weld phase 56 45 1) 
shift, % 
Current decay, 3 3 
cycles 
Current decay 56 
phase shift, % 
Impulses single 3 2 
Cooling cycles 6 
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Type 347 | Hastelloy B 


stainless 


+8 
0.04 
pre- 


constant variable 


225 


Fig. 7 — Interfaces of Resistance Welded 
Joints. Type 430° stainless stecl (left 
500 and Hastelloy B (right), 75 


Fig. 7. The table gives weld schedules devised 
for some of these materials. 

Bonds which are strong and resistant to 
thermal shock have been produced between In- 
conel and Type 316 stainless steel, and between 
nickel and Type 316. The bond between nickel- 
coated Type 316 stainless steel tubing and a 
Type 316 stainless steel tube sheet after thermal 
shock evcling is shown in Fig. 8. 

Welding Tube Clusters 
Single-tube coupons were 
readily welded atop the 
end of a tubular support 
electrode. Where multiple 
tube clusters must be weld- 

3/16 ed, as in a heat exchanger 
0.020 configuration, other  sup- 
port methods had to be 
devised. Of the various 
methods evolved, the use 


} 5 


no chamfer 
niet 


) 550 
1350 of a solid aluminum sup- 
5 port electrode, shown in 


y ; Fig. 9, was the most prac- 


2 single 


tical. Here, a sturdy alu- 


: an minum plate, drilled to the 


hole pattern of the tube 
configuration, is assembled 
on the tubes before flaring. 
The aluminum support 
plate is supported by the 


arms of a fork-type elec- 


trode during welding. 
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Fig. —Nickel-Coated Type 
316 Stainless Steel Bonded to 
fype 316 Tube Sheet. 500 x 


When bends in the tubes are encountered, two 
such electrode plates are required. The plate 
provides good current distribution and minimizes 
distortion of the tube sheet. After welding, the 
electrode plates are removed by dissolving in a 
caustic soda solution. 

Test clusters were also welded successfully on 
support plates made of Cerrobend (a low-melting 
alloy) and copper. When Cerrobend was used, 
the support plate was either plated with or 
encased in a thin sheet of copper. The coppe: 
provided a good conducting surface to prevent 
possible overheating or arcing between the Cer- 
robend and the tube-sheet material. 


Fig. 9— Simulated Tube Bundle 
Being Welded. Square aluminum 
support plate is itself supported 
by arms of fork-type electrode 
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Thick tube sheets have been welded using 
only a peripheral contact technique. Eithe: 
single or multiple contact or full circumferential 
contact is used, and the type used depends on the 
particular conditions. 

The techniques developed and used in fabri- 
cating relatively small clusters can also be used 
to weld large numbers. Large-diameter thin 
Deflection of 
the sheet may be considerable if edge support 


tube sheets introduce a problem. 


techniques are used, and the use of dissolvable 
aluminum support blocks may be undesirable. 


A more practical approach to this problem would 
be to use clamp-on electrodes. rs} 
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How to Avoid Hydrogen Pickup 
in Descaling Titanium Alloys 


By Q. D. WHEATLEY* 


Immersion time in the titania-modified hydride bath 


should be as short as possible. 


Optimum conditions for descaling 


the hydrogen-sensitive 5A1-2.5Sn titanium alloy are obtained 
with a molten caustic bath containing 0.4 to 0.6% NaH, 0.35% TiO.. 
and 10 to 20% Na.CO.,. Treatment time should be 30 to 60 sec. 


at 610 to 645° F. (L12n; Ti-b) 


Eserrrreement of titanium by hydrogen 
has been a major problem for producers and 
fabricators. While hydrogen contamination can 
occur in many stages of processing, fused salt 
baths used for descaling the metal can be a 
trouble spot. 

In earlier work, reported in Metal Progress tor 
February 1956, we investigated descaling com- 
mercial-purity titanium in conventional sodium 
hydride baths. It was found that significant 
hydriding of this grade of titanium occurs if the 
metal is treated longer than required to remove 
the scale. Another significant point reported in 
the 1956 article was that commercial-purity ti- 
tanium could be descaled efficiently in a modi- 
fied hydride bath prepared by saturating the 
caustic melt with titanium dioxide (about 0.35% e). 
The modified bath gave a marked decrease in 
hydrogen pickup and lower metal loss compared 
with a conventional hydride descaling bath. De- 
scaling was rapid and surface finish was good. 

With conventional hydride baths, treatment 
time, temperature and hydride concentration are 
important ‘variables in regulating hydrogen con- 
tamination. However, when commercial-purity 
titanium is descaled in the modified bath, these 
variables need not be so closely controlled as is 
required for the titanium alloys. This paper will 
report our recent findings on optimum conditions 
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for use of the titania-modified hydride bath for 
descaling titanium alloys. 

Experimental procedures were essentially the 
same as for the study of commercial- purity ti- 
tanium. Different alloys were obtained in sheet 
form from several commercial sources. Test 
pieces were treated in a hydride bath that had 
been saturated with titanium dioxide. | Samples 
were water quenched and then given a bright- 
ening pickle in mixed nitric-hydrofluoric acids 
(see Table 1). Hydrogen analyses were made by 
the equilibrium-pressure method. Blanks to 
establish original hydrogen content were taken 
from areas immediately adjacent to test pieces. 

Preliminary experiments showed that titanium 
dioxide did not have as strong an effect in 
suppressing hydrogen contamination of titanium 
alloys as it did with commercial-purity titanium. 
These experiments also showed that the different 
alloys vary markedly in their susceptibility to 
hydrogen pickup. For example, with a treat- 
ment time of 5 min., the various alloys showed a 
hydrogen pickup as follows: 5A1-2.5Sn, 241 ppm.; 
GAI-4V, 124; 4Al-4Mn, 27; 2Fe-2Cr-2Mo, 25; 
8Mn, 4; 3A1-5Cr, 2. These ratios of sensitivity 
to hydrogen pickup are only approximate. How- 
ever, the Al-Sn alloy appears to be the most 
sensitive. Since it is desirable to descale all 
titanium materials in a single bath, we felt it was 


important to establish optimum conditions for 


the most sensitive alloy. 
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The Al-Sn stock used in fur- 
ther tests was thin sheet (0.018 
in.) that had a light scale, such as 


Table | — Hydrogen Absorption by Aluminum-Tin Titanium Alloy 


in Modified Hydride Baths* 


IMMERSION 
Time 


The 


is formed during annealing. 


TEMPERATURE 


HYDROGEN 
Pickup 


BATH Picket 


NaH TIME 


Na,.CO, 


sheet was chosen to magnify the 
effect of descaling on hydro- 1 min 
gen pickup, because, generally, 
hydrogen pickup is an inverse 
function of sample thickness. 
Previous studies with commer- 


cial-purity and the 


titanium, 


10% 
10 
0.6 10 
626 0 
608 | 0.5 10 
608 0.5 10 
608 | 
608 0.5 10 


669° F. | 1.6% 1 min. 
604 0.5 


640 


52 ppm. 

7 

26 

17 

124 Ave. = 
10 12 
9 


NS 


pre ‘liminary experiments with ti- 
tanium alloys, had shown that 
long immersion time, high tem- 
perature and high hydride con- 
centration will result in high 
Of these variables, it was 
felt that immersion time was probably the most 
important. Expe riments were pe formed in 
which immersion time ranged from one-half to 
several minutes, hydride concentrations ranged 


hydrogen pickup. 


from 0.4 to 1.6% and temperatures ranged from 
604 to 903° F. Tests using any combination of 
high temperature, high hydride and long im- 
mersion invariably led to high hydrogen pickup. 
Exposure of subsequent samples to the bath was, 
therefore, kept to the minimum required for 


effective scale removal. The results of experi- 
ments, performed under near optimum condi- 
tions, are given in Table I. 


The data show that the Al-Sn alloy can be de- 


scaled satisfactorily and hydrogen pickup held to 


a low value by using a treatment time of 1 min. 
or less, low bath temperature and low hydride 
concentration. Hydrogen pickup can be limited 
to the range of 12+5 ppm., under these optimum 


conditions. 
Optimum Descaling 


For best results with thinly scaled material, 
the molten caustic bath should contain 0.4 to 
0.6% NaH, 0.35% TiO. and 10 to 20% NasvCOs. 
Treatment time should be 30 to 60 sec. at 610 to 
645° F. Sodium carbonate maintains fluidity of 
the bath and prevents excessive dragout. Re- 
sults cited above were obtained with the most 
alloy, and on thin material. Thicker 
sheet should show even smaller amounts of hy- 
drogen pickup when treated under optimum 
conditions. 

However, it should be noted that much of the 
sheet descaled during normal mill operations 
bears a relatively thick, and often nonuniform, 
scale rather than the thin scale that forms on an- 
nealed material. Thickly scaled sheet will, of 


sensitive 
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78 vol. H.O; 


* Bath saturated with TiO, 
+Pickling solution consists of 20 vol. conc 
temperature 77° F. 


(about 0.35%). 


. HNO, , plus 2 vol. conc. HF, 


course, require longer descaling cycles. Non- 
uniform scale may nonuniform 
hydrogen pickup. The important point to re- 
member is that descaling cycles should be kept to 
the minimum time limit required for effective 


scale removal. 


also result in 


Pickling Tests 


The effect of drastic acid pickling on hydrogen 
contamination was also looked at. Two samples 
of Al-Sn alloy were descaled in the modified 
hydrogen bath and given the usual acid dip. 
Portions of the treated samples were reserved for 
hydrogen analyses. The remaining portions 
were pickled in mixed nitric-hydrofluoric acids 
until the total gage loss was 0.004 in. (samples 
were originally 0.018 in. thick). The blanks, 
descaled pieces and drastically pickled pieces 
were then analyzed for hydrogen. The test 
pieces given a descaling and simple acid dip 
treatment absorbed 46 and 31 ppm. hydrogen, 
respectively, The corresponding samples given 
the drastic acid pickle showed, respectively, only 
32 and 7 ppm. hydrogen pickup. Although there 
is some variation in the duplicate analyses, it is 
clear that a drastic acid pickle will remove sig- 
nificant amounts of hydrogen absorbed during 
descaling. The data are not extensive enough to 
fix the percentage improvement accurately, but 
it appears that at least 30% of the absorbed hy- 
drogen can be removed by such a treatment. 

It is unlikely that all types of stainless and 
alloy steels can be descaled efficiently under the 
mild conditions required for treating the Al-Sn 
alloy. Since the other titanium alloys are much 
less sensitive, most of them can probably be de- 
scaled without undue hydrogen contamination 
by using descaling conditions which are milder 
than usual, but still adequate for alloy steels. @ 
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An English Turbogenerator Explodes 


By TOM BISHOP* 


a stressep turbogenerator 
fails explosively, it is perhaps natural for metal- 
lurgical detectives to think immediately in terms 
of recent similar disasters due to hairline cracks 
in alloy steel forgings and to question anew the 
efficiency of ultrasonic testing of large compo- 
nents. They would be on the wrong track in 
appraising turbine No. 5 which broke up on June 
28, 1958, at the English atomic power station at 
Calder Hall. The machine which failed was the 
fifth 23,000-kw. unit to be installed; acceptance 
tests were being carried out, but the U. K. Atomic 
Energy Authority had not formally accepted 
delivery. 

At about 7:40 p.m. on that date, the foreman 
in charge of reactor No. 3, which was providing 
steam for No. 5 turbogenerator, noted indications 


*John Miles & Partners (London) Ltd.; Consult- 
ing Editor, Metal Progress. 


The turbogenerator accident 

at Calder Hall atomic power station 
was not due to internal defects 

in forged components (as have plagued 
American power stations recently) 

but to overspeeding caused by 
nonfunctioning automatic safety valves. 
(A7p, WIIk, W1Ip) 


on his reactor instruments which suggested that 
it might be desirable to shut down the reactor. 
At about 7:59 p.m. he warned the electrical con- 
trol room that this might be necessary. At about 
8:03 p.m., in accordance with his standing in- 
structions, he pressed the shutdown button. As 
the last control rod went heme, the foreman 


General View of Generator at Calder Hall Atomic 
Energy Plant, England, Wrecked by Overspeeding 


5 
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heard an explosion — the turbogenerator had dis- 
integrated. 

The operator in the turbine room first sus- 
pected that conditions were other than normal 
when he sensed that the speed of the machine 
was increasing. He attempted to stop the ma- 
chine by manual control, but it became clear that 
it was overspeeding and beyond control. The 
machine vibrated violently; flames came from the 
generator and it finally broke up. As shown in 
the view on the opposite page, major rotating 
parts remained within the housings, but large 
pieces of shaft and other parts were ejected and 
caused other damage. Fortunately there were 
no casualties, 


The Cause 


The power plant foreman, who was the first 
man on the scene after the accident, found the 
governor valve and the runaway stop valve on 
the lines serving the high-pressure stage of the 
turbine partly open; this was confirmed by other 
witnesses. The valves on the low-pressure lines 
had operated satisfactorily. With the valves in 
such a position, there would have been an ample 
supply of steam to the turbine to cause it (in the 
absence of any electrical load) to overspeed to 
destruction. 

The runaway stop valve was tapped with a 
hammer during dismantling, but did not move, 
the governor valve was jacked open a distance of 
().58 in. and then jammed completely. When the 
two valves were dismantled, it was found that 
the spindle of the runaway stop valve had 
jammed in the bushing, and the tail of the gov- 
ernor valve had jammed in its guide. From this 
evidence, the investigating committee was satis- 
fied that the simultaneous failure of these two 
valves to close automatically had caused the 
turbogenerator to overspeed and ultimately to 
disintegrate. 


Examination of the Valves 


The spindle of the runaway stop valve was 
found to be marked in three different ways: 
(a) by light longitudinal scratches, (b) by heavy 
longitudinal scoring, and (c) by an interlacing 
of scores in a general longitudinal direction but 
with a random circumferential movement (called 
“filigree”). 

The tail of the governor valve showed similar 
marks but the filigree marking was most pro- 
nounced (Fig. 1). In addition to these marks, 
the tail of the governor valves showed clearly 

(Continued on p. 146) 
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Fig. 1 — Tail of the Governor Valve. Note 
scoring generally in longitudinal direction 
Also three broad circumferential bands 
roughened as by shot-blasting. Lowest band 
has its finished surface almost undamaged 


Fig. 2— Particle of White Cast Iron 
Shot (Note Dendritic Structure) Em- 
bedded in Governor Valve Guide. X 100 
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Book Review 


A Two-Volume Introduction to 
Physical and Process Metallurgy 


Basic MetTauuurcy, Vol. I, A. W. Grosvenor, 
Ed., American Society for Metals, Cleveland, 
2nd printing, October 1958. 676 p. $12.50 


Reviewed by JOHN A. SHANDLEY* 


Recocnizinc THE NEED for an up-to-date 
textbook in a two-year adult education program 
in metallurgy, 58 authors — largely members of 
the Philadelphia Chapter @, with A. W. Gros- 
venor as editor —have produced “Basic Metal- 
lurgy”, an excellent book for their purposes. 
Temple University provides the facilities, and 
the chapter's Educational Committee participates 
in the management of the course. This new 
textbook is now being used at the General Motors 
Institute to teach mechanical and _ industrial 
engineering students the rudiments of metallur- 
gical engineering. 

The book’s continuity of style and logical 
development of ideas from one chapter to the 
next is remarkable when one considers the mul- 
tiplicity of authors. “Basic Metallurgy” is effec- 
tively indexed and uses an abundance of illus- 
trations and charts. Since it is, essentially, an 
elementary textbook, its usefulness as a reference 
work is limited. 

The text reviews briefly chemical reactions, the 
structure of the atom, the kinetic theory of tem- 
perature and many other basic tools of the metal- 
lurgist. This refresher section is more than ample 
for a student having a high school chemistry and 
physics background. There is a rather exten- 
sive treatment of the unit processes used to pro- 
duce various metals, with emphasis on iron and 
steel production. The authors have generally 
pointed out the cause and effect relationships 
that exist between processing and ultimate prop- 
erties. The treatment of nonferrous and ferrous 


*Head, Metallurgy Section, General Motors Insti- 
tute, Flint, Mich. 
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alloys is unusually complete. Two topics, “The 
Effect of High and Low Temperatures on 
Metals” and “The Ingot” (in steelmaking), each 
warrant a chapter. In most texts these topics 
are not singled out as they are here. Many recent 
concepts are explained so adeptly that they will 
be a source of satisfaction to both the student 
and the practicing engineer (who may wish to 
bring himself up-to-date). Dislocation theory is 
used to explain plasticity and strength and the 
work of Huinier and Preston is used to describe 
age hardening. However, the application of the 
more recent work on tempering of hardened 
steels should be treated in greater detail in a 
revised edition. 

An unusual feature of Basic Metallurgy is the 
division of each topic into two chapters. The 
“A” chapters consist of elementary treatments of 
the material while the “B” chapters are suitable 
for a more advanced course. This is the formula 
used at Temple University, in Philadelphia. In 
most instances, it would seem necessary to repeat 
the “A” chapter before studying the correspond- 
ing “B” chapter. This may lead to greater reten- 
tion of facts, even though the burden seems to be 
placed largely on the second course. 


Basic MeTauuurcy, Vol. Il, G. William 
Zuspan, Ed., American Society for 
Metals, Cleveland, 1957. 232 p. $7.50 


Reviewed by WALTER J. KINDERMAN* 


“Basic Metallurgy, Vol. II” covers metallurgical 
equipment and laboratory techniques and is a 
fitting complement to the general study of metals 
covered in “Basic Metallurgy, Vol. I”. 

Although this book was written by the mem- 


*Yarnall-Waring Co., Chestnut Hill, Philadelphia, 
Pa. 
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bers of the Philadelphia Chapter @ for the 
use of students in the A.S.M. sponsored Evening 
Metallurgy Course at Temple University, it 
should also satisfy a laboratory training need at 
other institutions. When its contents are better 
known, it is bound to win a place as a handy 
reference volume in the laboratory. Its 232 
pages contain a surprising wealth of practical 
information, clearly indexed for rapid and easy 
accessibility. 

The introductory chapter gives the reader a 
fine perspective of the range and value of em- 
pirical test data and how it can be most effec- 
tively used. Tensile and hardness tests each 
merit a chapter. Other mechanical tests, impact, 
fatigue, creep, compression, bending, cupping, 
offset and torsion tests, are viewed from the 
standpoint of equipment, test specimens, proce- 
dure and interpretation of results. The chapter 


Short 


on nondestructive tests defines and explains 
visual, magnetic, radiographic, magnetic particle, 
ultrasonic and spectrographic equipment and 
procedures. 

One of the highlights of the text is a chapter 
on microscopic investigation. The reader is 
introduced to the principles of optics, but is 
spared the complex details of objectives and illu- 
mination systems. The preparation of specimens 
for microscopic examination is described thor- 
oughly. Even the basic principles of the elec- 
tron microscope are included. 

The longest chapter discusses pyrometry, 
stressing on-the-job trouble shooting and prac- 
tical operations. 

The text concludes with short chapters on cor- 
rosion testing and miscellaneous testing. 

The appendix contains 17 useful data sheets 
designed for the budding metallographer. 8 


Titanium Alloy for 1100° F. 


A new TITantuM ALLOY, MST 881, has ele- 
vated-temperature properties which surpass those 
of other titanium ailoys as shown by curves in 
Fig. 1. Developed by Mallory-Sharon Metals 
Corp., Niles, Ohio, after three years of research, 


Ultimate Tensile Strength, 1000 Psi. 


Fig. 1—Comparison of 
Strength Properties of High- 
Temperature Titanium Alloys 
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the designation of the alloy comes from the per- 
centage of alloying elements which it contains: 
8% Al, 8% Zr and 1% Ta and Cb combined. 
Above 800° F., the alloy extends the useful range 
of titanium by 200 to 300° F. and it provides an 
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additional 30,000 psi. tensile strength. This new 
alloy has useful short time strength up to temper- 
atures of 1500° F. 


Where it Can Be Used 


MST 881 provides design engineers with two 
new areas of high-temperature strength: For 
applications which require stability over long 
periods, it offers additional useful strength in 
the range 600 to 1100°F. For construction of 
rockets and missiles, where short-time strength 
is important, the alloy offers additional strength 
at all temperatures from 400 to 1500° F. 

In rapidly rotating parts, where stress is pro- 
portional to density, and in aircraft and missile 
structures where weight is a prime consideration, 
the strength-to-density ratio of metals is an im- 
portant criterion of selection. This value for 
MST 881 is compared with three steels at various 
temperatures in Fig. 2, based on data supplied by 
Mallory-Sharon. On this basis, the short-time 
strength of MST 881 is superior to 304 stainless, 
PH 15-7 Mo, and A-286 at all temperatures above 
600° F. 

MST 881 is commercially available as bars, 
billets and forging stock. Techniques for pro- 
duction of sheet materials are under study. Lee 
S. Busch, Mallory-Sharon’s technical director, 
states that 881 alloy opens up new possibilities 


Recestry, Tatnall Measuring Systems Co., 
a subsidiary of Budd Co., unveiled a 400,000-lb. 
universal testing machine incorporating several 
novel features. Adjustable grips, exerting 10,- 
000-psi. hydraulic pressure, clamp onto specimen 
ends, making it easy to install tests in the ma- 
chine. Auxiliary controls enable the tester to 
follow a preset program to completion without 
attention. Various other innovations combine 
to make the machine extremely versatile. 

The machine is comparatively simple to oper- 
ate. Since the lower grips are in the table 
(rather than in the crosshead), it is easy to place 
the specimen in a vertical position. Manually 
operated calibrated screws align grips precisely 
to avoid bending and torsion forces which might 
reduce accuracy of the test. The grip teeth 
(small and pyramid-shaped for firm clamping) 
are fully seated by hydraulic action before any 
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Something New in Testing Machines 


Stress-Density Ratio, x 10-° 


| 304 Stainless 


400 800 1200 1600 


Temperature, 


Fig. 2—How MST 881 Compares With Other 
Metals on a Strength-to-Density Basis at Elevated 
Temperatures. (Stress-density ratio is ultimate 
strength in psi. to density in lb. per cu.in.) 


for use of titanium in Mach 3 jet engines to a 
depth of seven or eight stages and in airframes 
and substructures for high-speed aircraft and 


guided missiles. 


force is applied to the specimen. 

Incorporating an electronic weighing system, 
the machine reads into a 30-in. diameter multi- 
range dial indicator. Load signals can be fed 
into a flat-bed X-Y recorder, a digital indicator, 
automatic typewriter, printer or card puncher; 
they can also be employed in closed loop feed- 
back circuits for automatic control. 

Cyclic loading is possible — an unusual feature. 
Since the specimen does not have to be removed 
from the grips if it is to be tested in both ten- 
sion and compression, the load can swing back 
and forth between two extremes. In a sense, 
this can be regarded as a fatigue test. Cycles 
may vary from 30 per sec. to one per day. The 
machine is versatile enough so that cyclic load- 
ing can be entirely in tension or compression. 
The tester has been purchased by the Alabama 
Polytechnic Institute, Auburn, Ala. 86 
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NEGLIGIBLE 


DISTORTION EASY 
SELECTIVE 


. . . Finish grinding can HEATING 


FAR FASTER, often be done before 
MORE UNIFORM heat treating. . . « Just immerse the 
HEATING portion of the work 


. . . for speedier pro- you want to 
duction and better heat treat. 
quality control. 


MORE 
PRODUCTION 


... in less space, with 
unskilled labor. 


NO 
ATMOSPHERE 
PROBLEMS 


... no oxidation, scale 
or decarb. 


GREATER 
VERSATILITY 


. . « Different operations 
such as carburizing and 
brazing or martempering 
can be combined in one 
heating of the work. 


HOW TO GET THE MOST OUT OF 
salt bath heat treating 


Far more than producing the largest selection of salt bath types, shapes 
and sizes, Ajax is geared to help you gain every ounce of the tremendous 
advantages possible through their use! . . . 


Pioneers in Practical advice on the handiest, most economical furnace sizes; methods 
of handling work; fitting heat treating in with other operations; cost-cutting 
modern salt heat treating shortcuts; combining heating operations where feasible; fix- 
turing work for greater efficiency; use of proper salts; mechanizing heating 
operations . . . all these and many more come “with the package” when 
bath furnace you specify Ajax Salt Bath equipment. 


Such service is made possible by Ajax’ unparalleled experience in apply- 


. ing salt baths to an exceptionally wide variety of uses throughout the worl 
. and it costs you not a cent extra! 


ena AJAX ELECTRIC COMPANY 
910 Frankford Avenue 
Philadelphia 23, Pa. 


H U | Associates: Ajax Engineering Corp. Ajax Electrothermic Corp. 


SALT BATH FURNACES 


Internally heated. Electric and gas fired types 


use 
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Correspondence 


Minimizing Distortion 


FAIRFIELD, N.S.W., 
AUSTRALIA 

During my visit to the United 
States for the Second World Metal- 
lurgical Congress, it became very 
evident that gear metallurgists both 
there and in other countries are very 
conscious of the need for more de- 
tailed investigations of the effects of 
surface carbon content on the serv- 
ice of carburized gears. In raising 
the matter during the panel discus- 
sion on “Minimizing Distortion,” I 
stated that, although we in Australia 
have had little opportunity to study 
the matter, our experience suggested 
that surface carbon is a rather more 
important factor in dimensional 
consistency than is case depth. 

On p. 128 ot the A.S.M. publica- 
tion, Story of Second World Metal- 
lurgical Congress, the above state- 
ment was unfortunately misreported 
with the words “surface condition, 
as well as case depth, is more im- 
portant than carbon content of the 
case. 

I raise this merely as a matter of 
accurate reporting of my remarks. I 
fully realize that other metallurgists 
in this field may well consider the 
statement as reported to be more 
technically correct than my own 
view as expressed in the first para- 
graph of this communication. 

I hope that no one will consider 
this minor error to be in any way a 
criticism of the wonderful benefit we 
all derived from this outstanding 
event in our lives. The smooth, 
efficient running of the Congress 
and the rapidity with which the 
book was published are indeed of 
the highest order. 

F. P. HeEArp 


Chief Metallurgist 
Borg-Warner (Australia) Ltd. 


The Editors regret that Ipsen 
Industries, Inc., Rockford, TIIl., 
was inadvertently omitted from 
the list of companies which sup- 
plied information for the special 
staff report, “Potential for Higher 
Temperature Carburizing”, in the 
October issue of Metal Progress. 


Adam the First 
lronworker (?) 


Some doubts may be cast upon 
the authoritative statement (Gene- 
sis 4:22) that Tubal-cain was the 
“instructor of every artificer in brass 
and iron”. At least the maker of 
the Byzantine ivory illustrated below 
seemed to have a different idea. 
This plaque from a casket dating 
from the 11th or 12th century shows 
Adam and Eve at the forge. Seem- 
ingly, Adam passed down his skill to 
the seventh generation, who got the 
credit in Holy Writ. 


Etchant for Cerium and 
Cerium Alloys 


Denver, 

A search of the literature for a 
suitable etchant for cerium or cer- 
ium-base alloys shows very little 
data published on the subject. The 
information available is limited to 
discussions of air etching techniques 
or etching problems due to the re- 
activeness of the cerium. Our 
metallography department therefore 
accepted the job of finding an etch- 
cerium-base 


ant for cerium and 


alloys. A very successful combina- 
tion of etchants was consequently 
developed which not only satisfac 
torily revealed the structure but 
also rendered the specimen surface 
somewhat 


passive to subsequent 


air oxidation. 


(Continued on p. 122) 


Byzantine Ivory Showing Ad- 
am and Eve at the Forge. 
(Courtesy Metropolitan Mu- 
seum of Art, New York City 
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paying for 
PURE 


««« why not get it? 


Put Foote’s Electromanganese to the 
“‘what-do-I-get-for-my-money test.” 
Apply the same test to manganese 
alloys. Then compare results. 


Here’s about what you can expect. 
With Electromanganese . . . you get 
manganese and only manganese, 
99.94+-% pure! There’s no carbon, no 
silicon. And you end up with a better 
product. You gain and your customers 
gain. With manganese alloys . . . you 
get the manganese, all right, but you 
also get impurities that can be harmful 
to your steel making process—especi- 
ally if you’re making low carbon alu- 
minum killed auto steels, stainless, or 


& 


MINERAL 


other steels where carbon and silicon 
control is critical. 


Get the manganese you need in its 
purest form—Electromanganese. A 
Foote engineer is ready to tell you the 
whole story ... help you work out 
what you might expect in your own 
plant. Until then, Bulletin 201 will 
give you more details on Electroman- 
ganese, the special Hydrogen-Removed 
Grade (H:7.5ppm), and Nitrided 
Grades. Write Technical Literature 
Department, Foote Mineral Company, 
424 Eighteen W. Chelten Building, 
Philadelphia 44, Pennsylvania. 


COMPAN Y 
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Etchant . 


A mixture of 6 ml, HNO, and 5 
ml. glycerine, swabbed on the speci- 
men, effectively stains the metal 
grains. Weaker concentrations of 
HNO, overetch boundaries while 
stronger concentrations tend to pit 
the matrix. A specimen of com- 
mercially pure cerium etched in this 
manner is shown in Fig. 1. The 


stain may be removed by a second 
swabbing with a mixture of 42 ml. 
H,PO,, 11 ml. two-ethoxyethanol 
and 47 ml. glycerine. Fig. 2 shows 
the same specimen after the removal 
of the stain. 


T. Kiopr 
Rospert J. MCMANts 
Metallurgy Div. 
Denver Research Institute 
University of Denver 


ERAL PURPOSE 
ELECTRIC FURNACES 


_ (bench type) 


@ Easily installed anywhere with simple 
wire connections. 


@ Embedded type elements for maximum 
efficiency and ready replacement. 


@ Easily operated with automatic temper- 
ature control. 


@ Two types—to operate at 1850° F and 
2,000° F. 


HEAT TREAT SMALL PARTS, TOOLS, Dies, ETC....IN YOUR OWN PLANT 


These small electric furnaces are de- 
signed for general heat treating, harden- 
ing and tempering of small parts. Their 
uses include heat treatment of aluminum, 
copper and beryllium. Cooley embedded 
elements have been employed in high 
temperature furnaces for over twenty 
years with outstanding success. Cooley 
furnaces are easy to operate—at high or 
low temperatures—without experienced 
heat treaters. (There are no fumes or 
odors—no ventilating necessary.) 


Quick, correct and easy installation is 
provided by the Cooley Control Panel 
(optional equipment) which makes the 
complete assembly a package unit. A 
proportioning type of control pyrometer 
is recommended for maximum accuracy 
and to accomplish low temperature tem- 
pering and uniformly controlled tem- 
peratures. All units are completely as- 
sembled and tested at factory. 

Write for new catalog of electric fur- 
naces and ovens. 


6 al 25 25 3400 1850 
MH-4 10 6 18 23 25 29 4500 1850 
VH-3 Sie a 6 4 21 25 | 3400 1850 
VH-4 10 6 18 23 25 4500 1850 
VH-48 27 = 4300 1850 
VK-6 25 26 25 4650 2000 
VK-7 6 is 27 34 6500 2000 


“M" Models—Hinged Door. “V" Models—Vertically Sliding Door 


(Brown Pulse Pyrovame and Wheelco Model 293) and Pyrometers 
sae Senet Model 292) carried in stock. Any standard make or type available 


COOLEY ELECTRIC MANUFACTURING CORPORATION 
30 SOUTH SHELBY STREET + INDIANAPOLIS 7, INDIANA 


Fig. 1 — Commercially Pure Ce- 
rium Etched With 6 ML. HNO, 


and 5 MI. Glycerine. 


125 

go 


Fig. 2—Same Specimen Swabbed 
With Mixture of H,PO,, Two- 
Ethoxyethanol and Glycerine. 125 » 


Titanium In Cast Iron 


Brivce, N.]. 

In the article “Titanium in Nodu- 
lar Cast Iron”, by A. Tominaga, I. 
Aoki and T. Tottori, in the August 
issue of Metal Progress, an error in 
translation appears to have been 
made. The authors state that ti- 
tanium is well known for its adverse 
effects, but go on to say “titanium 
by itself is no obstacle to formation 
of graphite nodules”. This is obvi 
ously a contradiction. 

Additions of titanium of approxi 
mately 0.10% have been found to 
destroy formation of nodules. The 
destruction of nodulization may 
well be additive, but amounts de- 
scribed here are nearly sufficient to 
attain this without additions of ar- 
senic, tin, or bismuth. 

P. E. Hecmeceer, Jn. 


Plant Metallurgist 
Taylor-Wharton Iron and Steel Co. 


Eprror’s Nore: The correspond- 
ent’s remarks are correct; however. 
the original contribution offered 
data to support the contention that 
titanium up to 0.10% did not affect 
nodule formation. 
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SUPER ALLOY STEEL BY M/DVAC 
.»»A NEW STANDARD IN QUALITY 


Steels to meet the exacting specifications of the aircraft, missile 
and bearings industries are being produced at Midvale-Heppenstall 
by the MIDVAC Process of consumable electrode melting. 


Super alloy steels with increased tensile and impact. . . 
improved stress rupture strength at elevated temperatures . . . 
longer fatigue life. Midvac Steels are made for jet turbine and 

afterburner components and critical parts where strength is 
needed at temperatures above 1000°F. Steels for landing gear parts, 

retainer rings, compressor rotor blades. Steels for missile 
components such as combustion chambers, tail cone assemblies, 

nose cone or structural members. 


Midvac Steels are offered in ingots, billets, and forgings of high 
temperature alloys and steels for critical applications. 


MIDVALE-HEPPENSTALL Co. 


Nicetown, Philadelphia 40, Pa. 
Subsidiary of HEPPENSTALL COMPANY, Pittsburgh, Pa. - 
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Mention 


Arthur L. Shields 


Artuur L. Suiecps @ has retired 
from Westinghouse Electric Corp. 
in Springfield, Mass., after 35 years 
to act as a consultant. Mr. Shields 
entire career with Westinghouse was 
spent in materials engineering, first 
in the company’s research laborator- 
ies, and later in the transformer divi- 
sion in Sharon, Pa. He was then 
transferred to the appliance depart- 
ment at Springfield, where he was 
manager of materials and process 
engineering, directing the selection 
and fabrication of ferrous, nonfer- 
rous and nonmetallic materials for 
use in motors and appliances, 

He graduated from Westminster 
College in New Wilmington, Pa., 
with a bachelor of science degree 
in chemistry, and in 1917 enlisted 
in the U. S. Army, serving in France 
as an officer in the field artillery. 
After his discharge, he first joined 
Westinghouse, but two years later 
left to teach science in the Niles 
(Ohio) High School, returning to 
Westinghouse permanently in 1923. 

A 30-year @ member, he is a past 
chairman of the Springfield Chapter 
and has been active on that Chap- 
ter’s executive committee and edu- 
cation program. He was also a 
member of the American Society for 
Testing Materials for many years 
and served on the executive com- 
mittee of the New England District. 


Richard Cornew @ is currently 
casting sales specialist for Aluminum 
Co. of America, Los Angeles. 


Harold G. Huckelberry @ is now 
resident field engineer in Daven- 
port, Iowa, for Leeds & Northrup 
Co., handling their sales in eastern 
Iowa and northwestern Illinois. For- 
merly this area was served from 
the Chicago district office. 


Roland M. Brown @ is on a two- 
year leave of absence from the bar, 
plate and forged products division 
of the U. S. Steel research and de- 
velopment department in Monroe- 
ville, Pa., serving in the U. S. Army. 
He is currently stationed with the 
llth Ordnance Co. (DAS) at Ft. 
Devens, Mass. 


Harris A. Clotworthy @, who re- 
tired from IBM late in 1955, is now 
representative for the steel warehouse 
of Edgcomb Steel of New England, 
Inc., Milford, Conn., and Industrial 
Hardware Mfg. Co., Inc., New York. 


Pierre P. Turillon @ is currently 
working at Utica Metals Div. of 
Kelsey-Hayes Co., Utica, N. Y., 
where he is a research metallurgist. 


Thomas B. Rance @ has been 
transferred to the Beauharnois, Que., 
Works, Aluminum Co. of Canada, 
as potroom control supervisor. 


Alvin J. Jacobs @, who recently 
received his doctorate in metallurgi- 
cal engineering from Ohio State 
University, is now engaged in post- 
doctoral work with Prof. G. W. 
Rathenau at the University of Am- 
sterdam in Holland. 


Athan Stosuy @, formerly man- 
ager of sintered metals laboratory for 
the International Business Machines 
Corp., Poughkeepsie, N. Y., is now 
technical director, American Pow- 
dered Metals, North Haven, Conn. 


Gunvant N. Maniar @, a recent 
graduate from Stevens Institute of 


Technology with a master’s degree . 


in metallurgy, is attending the Uni- 
versity of Michigan to continue his 
studies in metallurgical engineering. 


Daniel J. Murphy @, formerly at 
Los Alamos Scientific Laboratory, 
Los Alamos, N. M., is now profes- 
sor of metallurgy at the University 
of Arizona in Tucson. 


Fred K. Whiteside @ has been 
named sales representative in the 
Hartford, Conn., sales district of 
Selas Corp. of America, Dresher, Pa. 


Ben A. Wilcox @, after receiving 
his master’s of science degree in 
metallurgical engineering from Stan- 
ford University, reported to Wright- 
Patterson Air Force Base, Ohio, as 
a Second Lieutenant in the Air 
Force, assigned to the Wright Air 
Development Center. Upon com- 
pletion of his three-year tour of 
duty, he will return to Stanford to 
continue his studies toward a doc- 
torate in metallurgical engineering. 


A. C. Francisco @ has joined 
Boeing Airplane Co., Seattle, Wash., 
division, as a ceramic research engi- 
neer in the materials and process 
systems group. 


J. R. Stitt @, research and weld- 
ing engineer for the R. C. Mahon 
Co., Detroit, was the recipient of the 
1958 George N. Sieger Memorial 
Award from the Detroit section of 
the American Welding Society. Stitt 
was honored for making the most 
outstanding individual contribution 
to the growth of the society in the 
past ten years. Prior to joining Ma- 
hon, he was an associate professor 
at Ohio State University where he 
organized the first complete cur- 
riculum in welding engineering lead- 
ing to a degree. 


F. D. Brookshire @, formerly a 
metallurgical engineer at General 
Motors production engineering sec- 
tion, Detroit, is now a metallurgist 
at GMC Truck & Coach Div., 
Pontiac, Mich. 


Richard O. Berg @ has retired as 
plant manager of Michigan Steel 
Tube Products Co., Detroit, after 
41 years in that capacity. 


William Nukulas @, formerly chief 
engineer of Kelvinator Div. of Amer- 
ican Motors, is now chief engineer 
of South Bend, ind., Div. of Curtiss- 
Wright Corp. 


William B. Stoddard, Jr. @ is now 
assistant manager of electrochemical 
research for Hanson-Van Winkle- 
Munning Co., Matawan, N. J. 


T. C. Sherman @, after 42 years 
of service, has retired as Washington 
representative and district manager 
of the Washington, D. C., office of 
Allegheny Ludlum Steel Corp. 
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you are looking 


RESISTANT 


\ HA, HC, HD, HE, HF, HH, 


A.C.1. ¥ 

CA-15, CA-40, CB-30, CC-50, 33% 

CE-30, CF-8, CF-20, CF-8M, 

A CF-12M, CF-8C, CF-16F, 
CH-20, CK-20 


STATIC AND CENTRIFUGAL 


LOOK NO FURTHER THAN fahralloy 


For over a quarter of a century . 

Fahralloy has served the needs of 
the nation's leading industries with highest 
quality alloy castings. Whether your 
particular need is for heat resistant alloy 
castings or stainless, you can be sure they'll 
be made to your exact specifications 
when you place your order with Fahralloy. 


6t'NG 


iSOTH AND LEXINGTON AVENUE « HARVEY, ILLINOIS 


QUALITY SERVICE INTEGRITY 
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ing mills 


Tie inherent design of Fenn Rolling Mills achieves greater flexibility. 
extremely high separating forces ... with dependability that only building to 
the highest quality standards can provide. | ypical is the large heavy duty Fenn 
Precision Rolling Mill illustrated above. A combination Two-High/Four-High — 
mill, with 164% ° diameter rolls, it offers extreme versatility in rolling new alloys | 
with high tensile strengths and is adaptable to either hot or cold rolling. 


THE FENN MANUFACTURING COMPANY e 511 FENN ROAD @ NEWINGTON, CONN. 


Personals . . . 


Albert Bennett @ has been as- 
signed to the technical staff of the 
Minuteman Project with Aerojet- 
General Corp., Sacramento, Calif., 
as a specialist on materials. 


R. H. Emannelson @ recently 
joined the metallurgy section of Bab 
cock & Wilcox Research Center, 
Alliance, Ohio. He was formerly 
with the Westinghouse Electric 
Corp. in Blairsville, Pa. 


James E. Koss @ is now working 
for the Beryllium Corp. at their nu- 
clear division in Hazelton, Pa., as 
production supervisor. He was for 
merly emploved by Sylvania Electric 
Products, Ine. 


David H. Gurinsky @, on a year's 
leave of absence from Brookhaven 
National Laboratory, Upton, L. L, 
N. Y., is working with the metal- 
lurgy division of General Atomic 
for the next vear and will be lo 
cated at their Torre Pines Labora 
tory in San Diego, Calif 


Joseph J. Warga @ has been pro- 
moted to assistant senior engineer, 
applied studies department of the 
Polaris development project at Aero- 
jet-General Corp., Sacramento, Calif. 


H. R. Grant @ was recently ap- 
pointed head of the development 
engineering department of the solid 
rocket plant of Aerojet-General 
Corp. in Sacramento, Calif. 


Robert F. Harvey @ is currently 
working in the research and develop- 
ment division of the solid rocket 
plant of Aerojet-General Corp., 
Sacramento, Calif., as a project engi 
neer on the Navy Tartar missile proj 
ect, developing the Tartar dual 
thrust rocket motor. In the same 
plant, Michael I. Bricksin @ is a 
specifications engineer-metallurgist, 
engineering specifications section. 


F. S. Gardner @ has left his job 
as supervisor of metallurgical re- 
search at the General Electric Co. 
power transformer laboratory to be- 
come project manager of Nuclear 
Metals, Inc., Cambridge, Mass. 


Eugene B. James @ is currently 
foundry metallurgist and engineer 
for Clark Bros. Co., a division of 
Dresser Industries, Inc., Olean, N. Y. 
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POWERMET PRESS 


FOR THE MOST RAPID 
MOUNTING OF 
METALLURGICAL 
SAMPLES 


PUSH BUTTON CONTROLLED 
POWER OPERATED 


SELF CONTAINED HYDRAULIC 
SYSTEM 


CONTROLLED MOLDING 
PRESSURE 


USE PREMOLDS OR POWDER 


BAKELITE OR TRANSOPTIC 
MOUNTS 


PRODUCES 1", 1%", or 1%" 
MOUNTS 


BAYONET TYPE MOLDS 


THERMOSTATICALLY 
CONTROLLED HEATERS 


@ QUALITY COMPONENTS USED 


@ CONFORMS TO J.1.C. 
STANDARDS 


METALLURGICAL APPARATUS 


2120 GREENWOOD ST., EVANSTON, ILLINOIS, U.S.A. 


DECEMBER 1958 


€ 
A 
| | 
f 
| 
| 
| 
3 
| 
” 
> 


INQUIRIES ARE ANSWERED PROMPTLY— 
Whenever you call or write for infor- 
mation on prices, availabilities or 
service, you get a prompt reply. 


DELIVERIES ARE MADE ON TIME— 
Orders for the most frequently used 
types of wire cloth are promptly filled. 
If we can’t supply what you want 
from our complete stock, we'll schedule 
our looms to get it to you as soon as 
possible. 


INSTALLATIONS ARE CHECKED—At 
Cambridge, orders aren’t filled and 
forgotten. Our own sales engineers 
follow up your order to make sure our 
product is giving you the best possible 
service. 


QUALITY, OF COURSE—Individual loom operation and countless 
checks on mesh size and mesh count assure you of highest quality 
wire cloth when you specify Cambridge. 


Let us quote on your bulk or fabricated wire cloth needs. Samples for inspec- 
tion or test purposes are available upon request. Call your Cambridge FIELD 
ENGINEER. He's listed in the phone book under “Wire Cloth.” Or, write direct 
for FREE 94-PAGE CATALOG and stock list giving full range of wire cioth avail- 
able. Describes fabrication facilities and gives useful metallurgical data. 
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METAL-MESH 


BELTS 


PRINCIPAL 


WIRE Department B, 
CLOTH 
FABRICATIONS 


Cambridge 12, 
Maryland 


INDUSTRIAL CITIES 


Personals . 


J. Bruce Wagner, Jr. @ recently 
joined the faculty of the department 
of metallurgy at Yale University as 
an assistant professor. For the past 
two years, he was on the staff of 
the metallurgy department of Penn- 
sylvania State University. 


John J. Figliozzi @ is now as- 
sistant metallurgist of the welding 
and heat treating section of Com- 
bustion Engineering, Inc., East Chi- 
cago, Ind. 


John T. McCormack @ has left 
Reynolds Metals Co. to return to 
teaching. He has joined the indus- 
trial engineering faculty at Clemson 
(S. C.) College where he will teach 
metallurgy while developing a de- 
partment of metallurgical engineer- 
ing. At the same time, he 
engaged in consulting work. 


will be 


J. W. Semmel, Jr. @, formerly as- 
signed to the General Electric Co. 
research laboratory, has been trans- 
ferred to the G. E. Flight Propulsion 
Laboratory in Evendale, Ohio, as a 
consulting metallurgist in materials 
development. 


Willard Roth @ has joined Lind- 
berg Industrial Corp., Chicago, as 
manager of engineering. He was 
formerly with the 
Corp. 


Westinghouse 
industrial heating 
division as manager of custom fur- 
nace 


Electric 
section, commercial engineer- 
ing department. 


A. John Birkle @, a June graduate 
of the University of Wisconsin with 
a master’s of science degree in metal- 
lurgical engineering, has accepted a 
position with the U. S. Steel Corp. 
applied research laboratory in Mon- 
roeville, tech- 
nologist. He is currently assigned to 
Atomics International and will work 
on nuclear reactor material prob- 
lems on a one-year contract 
with U. S. Steel. 


Pa., as an assistant 


basis 


Michael Kestigan @ has accepted 
a position as member of the techni- 
cal staff at the David Sarnoff Re- 
search Center of Radio Corp. of 
America Laboratories at Princeton, 
N. J. He was formerly associated 
= the pigments department of 
E. I. du Pont de Nemours & Co., 
aie in Wilmington, Del., as a re- 
search and development chemist. 
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STRIP STEELS 


With fine American-made flatware made of Superior Stainless Strip Steel, 
you enjoy the soft highlights and satin-smooth finish that are traditional 
in finest table services . . . plus the hard, tough, mar-resistant strength 
of quality stainless steel, good for generations of everyday use! Superior 
Stainless meets the standards of America’s foremost tableware fabricators. 
Let us check with you on your own special needs. 


ig 
wy te The stainless steel 


produced by 


COPPERWTLD EEL ‘COMPA ii ONEIDA, 
CARNEGIE, P WNSVEVA Oneida, New York 
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Fanstee! Metallurgical Corp.: Operator loads s_ntering furnace with trays of FASTELL”™ heavy duty electrical contacts. 


Critical sintering temperatures a problem? 


Not at Fansteel Metallurgical Corp., where Speedomax" H is regulating moly heaters and simplifying 
control of critical sintering temperatures. With temperature dependent upon load density and compact 
composition, Fansteel depends upon experience for the right temperature . . . upon Speedomax H for 
control reproducibility. Rugged, compact and completely reliable, this controller continuously regulates 
power input to moly heaters .. . holds furnace temperature well within specified limits. Speedomax H is 
providing the same dependable control on numerous heat treat processes ... is helping produce both 
process economies and a quality product. Whatever your heat treat, it'll pay you to investigate 
Speedomax H! For details, contact your nearest L&N office or write 4927 Stenton Ave., Phila. 44, Pa. 


Automatic Controls + Furnaces 


“H"' C.A.T. control brings furnace from 900 to 1300 C in 16 minutes without over- 
shoot or hunting. Magnetic amplifiers are conveniently mounted on pane! back. 
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the Heat Barrier 


Hien strength plus resistance to oxidation, creep, thermal shock, 
and fatigue—are some of the properties that have helped to push the 
heat barrier back over the past 15 years. These are the properties 
found in Haynes high-temperature alloys. Properties that 
make these alloys very useful in the 1000 to 2000+ deg. F. range. 
Typical uses? The really hot spots in jet aircraft, ramjets, and 
missiles are some. Furnace components, heat-treating equipment, 
kiln liners are others. In fact, any part where long service life 
under severe high-temperature conditions is essential. 
There are 12 Haynes high-temperature alloys —available imme- 
diately in convenient forms that can be readily fabricated. For 
information on properties and prices, write for descriptive literature. 


Specialized mill equipment is available 
at Haynes for rolling high- / a 
temperature alloys into a variety of ~ 


shapes and sizes. Bar (above) is being 


produced on a 24-inch mill. aLLOowy Ss 


HAYNES STELLITE COMPANY 
Division of Union Carbide Corporation Ps ——_ 


Kokomo, Indiana UNION 


The terms “Haynes” and “Union Carvide” are registered trade-marks of Union Carbide Corporation. 
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| RADIANT 
BURNER 
TUBE 

ASSEMBLY 


OFFICE AND PLANT: Scottdale, Pa. 
EASTERN OFFICE: 12 East 41st Street, New York 17, N. Y.. 
ATLANTA OFFICE: 76—4th Street, N.W. 

CHICAGO OFFICE: 332 South Michigan Avenue 

DETROIT OFFICE. 23906 Woodward Avenue, Pleasant Ridge, Mich. 


Personals . . . 


Edward L. Shuck @ has been 
promoted to Chicago district sales 
manager for Haynes Stellite Co., 
Kokomo, Ind. Since joining Havnes 
in 1946, he has spent the greater 
part of his time in the Chicago 
district office, most recently acting 
as assistant district sales manager. 


John S. Smart, Jr. @ has been ap- 
pointed general sales manager of 
American Smelting and Refining Co.., 
New York. Mr. Smart joined Asarco 
in 1936 as a metallurgist at the 
company’s central research labora- 
tories and rose to the position of 
assistant director of research, his last 
assignment prior to his promotion. 


Peter Stefan @ has been ap- 
pointed manager, mechanical alloys, 
for Wilbur B. Driver Co., Newark, 
N. J. Prior to joining Wilbur B. 
Driver Co., he held various man- 
agerial positions in the sales depart- 
ment of the Alloy Metal Wire Div. 
and Riverside-Alloy Metal Div. of 
H. K. Porter Co. 


Arthur D. Schwartz @ is currently 
chief metallurgist for the White 
Sands Missile Range at White Sands 
Proving Ground in New Mexico. 


Alan H. Braun @ has been as- 
signed the position of director of 
quality control for Rosedale Found- 
ry Corp., Hicksville, L. 1., N. Y. 


William C. Heidenreich @ was re- 
cently named manager of the St. 
Louis branch of Ziv Steel & Wire 
Co., Chicago. 


William L. Grube @ has been pro- 
moted to assistant department head 
of the physics department of Gen- 
eral Motors Research Laboratories, 
Warren, Mich. Mr. Grube joined the 
GM Research Laboratories in 1940 
after his graduation from Ohio State 
University, and last held the post of 
supervisor of solid-state and fluid 
physics. 


John A. Comstock @ has been 
named to head the Easton Metal 
Powder Co. research and develop- 
ment program to expand the use of 
atomized iron and steel for high- 
strength sinterings at the Easton 
plant in Easton, Pa., and at the 
Foote Mineral Co. Laboratories, and 
in Germany at Mannesmann’s Re- 
search Institute. 
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The intricate parts, shown at the left, 
were produced to precision standards 
and with uniform density on the new 
Watson-Stillman powdered-metal press. 
Combining high productivity with 
operational simplicity, the press has a 
capacity of 125 tons and a die-fill range 
of 0 to 6” maximum. 


you can produce complex parts quickly and accurately on 


NEW W-S POWDERED-METAL PRESS 


Sequence operated by cam-actuated 
limit switches and relays, there is one 
pressing motion from the top, one press- 
ing and one ejection motion from the 
bottom. During the pressing stroke, 
both upper and lower cylinders work to 
positive stops so that a given compres- 
sion ratio for any particular powder is 
maintained, accurately controlling the 
density of the molded part. 

For parts requiring the full 6” die fill, 
approximately 12 complete cycles are 
made per minute. Approximately 18 
cycles can be completed per minute for 
parts that only require a 3” fill. An 
important feature of the press is the ease 
and rapidity of die change. 

Write for your FREE copy of bulletin 
380-A, which describes this new press 
in detail. 


WATSON-STILLMAN PRESS DIVISION 
FARREL-BIRMINGHAM COMPANY, INC. 
565 Blossom Road, Rochester 10, New York 


Plants: Ansonia and Derby, Conn., Buffalo and 
Rochester, N. Y. 
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JOB-ENGINEERED for better 


FABRICATED 


BASKETS 


| 


Sa ALLOYS 


RETORTS 


ROLOCK “ALL THE WAY” 


for a better operating cost 
picture on your pit-type furnaces 


Rolock has so many successful pit-type furnace equipment installations 


..S0 mony sotisfied repeat customers . 


. that we feel very confi- 


dent in promising you equal satisfaction. 


Furthermore, we make all the basic equipment needs for pit- 


type furnaces of every popular 


size and type... retorts, screens, 


grids, baskets, fixtures, or specially designed work carriers. In each 
you will find unique ROLOCK design and construction features that 


are PROVED life-lengtheners . . 
cost-reducers. 


. performance-improvers . . . long-term 


The best way to gain these benefits is to try us out on your next 


order... either for 


"standardized" 


items or special needs. A letter 


or ‘phone call will get prompt action. 


SALES AND SERVICE REPRESENTATIVES FROM COAST TO COAST 


ROLOCK INC., 1222 KINGS 


HIGHWAY, FAIRFIELD, CONN. 


work 


Easier Operation, Lower Cost 


Personals .. . 


Robert S. Green @, executive di- 
rector of the Engineering Experi- 
ment Station at Ohio State Univer- 
sity since 1954, has assumed new 
duties as associate dean of the 
College of Engineering. A _profes- 
sor in welding engineering and for- 
mer chairman of the Department, he 
will retain his rank in welding engi- 
neering and will continue as execu- 
tive director of the 
Station. 


Experiment 


Franz H. Vitovee @ has been 
added to the faculty of the Univer- 
sity of Wisconsin College of Engi- 
neering as associate professor of 
mining and metallurgy. He comes 
to Wisconsin from the University of 
Minnesota where he was associate 
professor in the department of me 
chanics and materials. 


Charles Wurms @, a recent re- 
cipient of a master’s degree in metal- 
lurgy from Stevens Institute of 
Technology, has joined the staff of 
Argonne National Laboratories, Le- 
mont, Ill., as a member of the plu- 
tonium section, 


district sales 
manager for Latrobe Steel Co. in 


S. L. Weaver ©, 


Buffalo, N. Y., was recently trans- 
ferred to Chicago as district sales 
manager. Prior to his position in 
Buffalo, he was district manager of 
sales in the Pittsburgh district. 


G. Birger Olson @, for the past 
six years consulting metallurgical 
engineer for Norden Instruments, 
Inc., Norden Laboratories Corp. and 
Norden-Ketay Corp., Milford, Conn., 
now is consultant for Norden Div. 
of United Aircraft Corp. Prior to 
becoming associated with Norden, 
Mr. Olson was for many years with 
General Electric and is the holder 
of G. E.’s top honor, the Coffin 
Award, for his work on the develop- 
ment of special alloys and treatment 
of alloy steels. 


Ab Flowers @ has been appointed 
a development engineer for Crucible 
Steel Co. of America, Pittsburgh. 
Mr. Flowers joined Rem-Cru_ Ti- 
tanium, Inc., then jointly owned by 
Remington Arms Co, and Crucible, 
as a research metallurgist in 1955. 
Rem-Cru came under Crucible’s 
complete control early this year. 
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“Unlimited 


for industry 


With the world’s largest raw material reserve of columbium, MCA can now 
assure steelmakers that columbium is readily available in quantity and will 
continue to be in plentiful supply for future needs. 

New uses for columbium have recently been announced by steelmakers. 
Small amounts give greatly increased properties for strip, sheet and plate 
steel. In Type 347 stainless, for example, long recognized for reliability in 
corrosion resistance, manufacturers no longer are faced with imposed restric- 
tions requiring the use of substitute materials. Welding rods destined for 
severe service offer another advantageous use for columbium. 

MCA has developed a new low melting ferro columbium for open hearth 
use. We are prepared to give metallurgical and technical advice on its appli- 
cation for mold and ladle additions. 


MOLYBDENUM 


Grant Building CORPORATION OF AMERICA Pittsburgh 19, Pa. 


Offices: Pittsburgh, Chicago, Los Angeles, New York, Son Francisco 
Seles Representatives: Brumley-Donaldson Co., Los Angeles, San Francisco 
Subsidiory: Cleveland -Tungsten, Inc., Cleveland 
Plants: Washington, York, Pa. 
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Proves and Improves Fasteners 
with TINIUS OLSEN Testing Machines 


From UNBRAKO® socket screws of .060 — three inches in diam- 
eter . . . to high temperature resistant bolts for aircraft and missiles, 
Standard Pressed Steel is keeping pace with the highly specialized 
fastener requirements of industry. An important i of SPS 
leadership is a continuing product development program in which 
Tinius Olsen Universal Testing Machines are playing a major role. 
In the SPS research lab, five Olsen machines are used for tensile 
and shear testing of new and improved products under accurately 
controlled conditions — including temperatures ranging from 
minus 65°F. to 1800°F. 

Eight additional Olsen UTMs (13 in all) are used throughout 
the vast Jenkintown, Pa. plant for constant quality control. Test 
results are obtained paseo ® i — when and where needed. SPS per- 
sonnel especially like the ease of operation and dependable accu- 
racy that typify all Olsen testing equipment. 

Whatever your requirements, you too can count on Tinius Olsen 
for utmost reliability in testing. Write for Bulletin 54. 


TINIUS OLSEN 


TESTING MACHINE COMPANY 


2030 EASTON ROAD ° WILLOW GROVE, PA. 


Reg. U.S. Pat. Of. Testing and Balancing Machines 


Personals . . . 
Alan E. King @, promotions di- 


rector for Clewiston Motor Co., 
Clewiston, Fla., will assume the post 
of parts manager when the com 
pany’s new West Palm Beach branch 
is completed. 


R. T. Eakin @, manager of the 
Brackenridge, Pa., Works of Alle- 
gheny Ludlum Steel Corp., Pitts- 
burgh, since 1951, recently resigned 
from the company. 


William O. Wetmore @ has been 
appointed special assistant to the 
vice-president, Azusa operations, for 
Aerojet-General Corp. in Azusa, 
Calif. His background includes two 
years as vice-president and director 
of research and development for 
Hunter Engineering Co. and four 
years with the Hycon Mfg. Co. 


Robert A. Eidam @, a sales engi- 
neer for the Foundry and Mill 
Machinery Div., Blaw-Knox Co., 
Pittsburgh, has been transferred 
from East Chicago, Ind., to Brook- 
field, Wis., where he will be steel 
casting and fabricating sales repre- 
sentative for the company in Wis- 
consin, Minnesota, Upper Michigan 
and lowa. 


Walter H. Clemons @ has joined 
C. I. Hayes, Inc., of Cranston, 
R. L, as sales engineer, Prior to 
this, he was a design engineer for 
the industrial heating division of 
Westinghouse Electric Corp. in 
Meadville, Pa. 


R. E. Kleint @, formerly affiliated 
with North American Aviation, Inc., 
has been appointed vice-president 
and general manager of Ultrasonic 
Testing & Research Laboratory, Van 
Nuys, Calif. 


Samuel W. Gearhart, Jr., @ has 
been promoted to chief metallurgist 
at Birdsboro Steel Foundry & Ma- 
chine Co., Birdsboro, Pa. Since 
joining the company in 1956, he 
has served as sales engineer and 
more recently as metallurgical con- 
sultant and sales engineer. 


Dale J. Richards @ was recently 
promoted to district manager in 
charge of the Detroit sales office of 
the Beryllium Corp., Reading, Pa. 
He joined the Reading firm in 1953 
and most recently held the position 
of district representative in Detroit. 
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specify with safety these 
Vanadium- Alloys 


FOR COLD WORK 


OHIO DIE 4 high carbon. high chromium type of 
steel which hardens in air to high hardness with almost no 
movement. Possesses wear resistance about eight times that of 
1% carbon tool steel. Your best choice for long runs between 
grinds. Available in regular or FM (Free Machining) type. 


AIR HARD air hardening die steel having good 
machinability and exceptionally high strength and toughness. 
Movement in hardening about one-third to one-fifth that of 
oil hardening steels. Used for all types of cold work dies. Safe 
to harden, safe to grind. Available in regular or FM (Free 
Machining) types; also in precision ground flats and squares. 


COLONIAL No. 6 Manganese oil hardening 


die steel specially annealed by us to provide easy machining. 
The general purpose die steel for all tool room requirements. 
Hardens with a minimum of movement because of the very 
low quenching temperature required. Available in all sizes 
and shapes including drill rod and precision ground flats 
and squares. 


For machinability, hardenability, wearability and 
dimensional stability, Vanadium-Alloys Die Steels 
for Cold Work are unsurpassed in the field. These 
steels take the gamble out of die steel specifications 
—let you concentrate safely on production! Our 
assistance in matching the right grade to the job 
is yours to command, and you can depend upon it. 
Write for technical Data Sheets. 


Vanadium-Alloys Steel Company 
LATROBE, PENNSYLVANIA 


DIVISIONS: Anchor Drawn Steel Co. + Colonial Steel Co. » Metal Forming Corporation + Pittsburgh Tool Steel Wire Co. 
SUBSIDIARIES: Vanadium-Alloys Stee! Canada Limited + Vanadium-Alloys Steel Societa Italiana Per Azioni *« EUROPEAN 
ASSOCIATES : Societe Commentryenne Des Aciers Fins Vanadium-Alloys (France) « Nazionale Cogne Societa Italiana (Italy) 
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a new dimension in 


INSTRON precision metals testing 


Twinning 
in Face-centered 
Cubic Metal 


Recent studies of the deformation char- 
acteristics of copper single crystals at 4.2°K 
and 77.3°K were made on the Instron Uni- 


versal Tester equipped for low temperature 
testing. 


Special x-ray techniques were used to 
examine the ‘tested samples . . . one of the 


results: mechanical twinning in _face-centered 


cubic metal. 


This heretofore unproven fact is veri- 
fied in a 10-page, illustrated article on the 
testing of copper single crystals which is 
now available to you. Write 
for bulletin M-2 . . . it is one of 


many technical articles cover- 


ing all fields of testing now 
ready for you in reprint form. 


IN$STRON: 


ENGINEERING CORPORATION 
2507 WASHINGTON STREET. CANTON, MASS. 
EUROPEAN OFFICE: SEEFELOSTRASSE 45, ZURICH, SWITZERLAND 


FLOOR MODEL INSTRON — full scale TABLE MODEL INSTRON — full scale 
load ranges: 2 grams to 10,000 pounds. load ranges: 2 grams to 200 pounds. 


Personals .. . 


J. Harris Phillips @ has been ap- 
pointed sales representative of Uni- 
versal-Cyclops Steel Corp. in the 
Cleveland district sales office, includ- 
ing the Toledo area. He was most 
recently with the Heppenstal Co. 


Raymond O. Hallberg @ has been 
promoted to vice-president in charge 
of operations at Wilbur B. Driver 
Co., Newark, N. J. Since joining the 
company in 1933, he has held vari- 
ous supervisory positions through- 
out the company, including sales 
manager and general superintendent. 


Wilson T. Groves @ has been 
named chief metallurgical engineer 
heading the engineering metallurgi 
cal department of Dana Corp., 
Toledo, Ohio. This department is 
responsible for metallurgical activi- 
ties at the company’s Auburn, Fort 
Wayne and Marion, Ind., Pottstown, 
Pa., and Toledo divisions. In addi 
tion, the department acts as metal- 
lurgical consultant to the Detroit, 
Chelsea, Mich., and Parish divisions, 
as well as to the Atlas Drop Forge 
and General Drop Forge wholly- 
owned subsidiaries and its affiliated 
Canadian plant, Hayes Steel Prod- 
ucts, Ltd. 


David J. Richards @ has retired 
as vice-president, sales, and director 
of E. F. Houghton & Co., Philadel- 
phia. Mr. Richards served 41 years 
with Houghton, serving as assistant 
director of sales and a member of 
the Board of Directors before as- 
suming his last position in 1945. 


Louis H. Winkler @ has retired as 
metallurgical engineer with Bethle- 
hem Steel Co., Bethlehem, Pa. Much 
of Mr. Winkler’s work has been in 
rails, wheels, railroad products, wire 
and wire products, and piping and 
tubular products. He joined Cam- 
bria Steel Co. in 1909 after gradua- 
tion from the University of Missouri 
and remained with that company 
through its consolidation with Mid- 
vale Stee] and Ordnance Co. and its 
acquisition by Bethlehem in 1923. 


Eric K. Foss @ has been appoint- 
ed operating assistant to the execu- 
tive vice-president of Copperweld 
Steel Co., Warren, Ohio. Prior to 
joining Copperweld, he was assistant 
chief metallurgist of A. M. Byers 
Co. in Pittsburgh, 
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@ Jn just 12.5 seconds the four valve seats on this 
heavy-duty truck cylinder head are heated to 
1650°F. An area of *4” perpendicular to the valve 
seat is hardened to a minimum of 42 Rockwell C. 
TOCCO’s uniform, localized hardening permits 
the elimination of costly alloy inserts. The cost 
of induction hardening is a small fraction of the 
cost of these alloy inserts. 

This unusual application indicates the wide 
scope of cost-saving possibilities available through 
the educated use of TOCCO Induction Heating. 
If your products require hardening, heating for 
forming or brazing, it’s better than an even bet 
that TOCCO Engineers can save you money. 


DECEMBER 1958 


Hardening of 
Exhaust Valve Seats 


rc 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Mail Coupon Today — 
The Ohio Crankshaft Co. + Dept. R-12, Cleveland 5, Ohie 
Please send copy of "Typical Results of TOCCO Induction Hardening and Heat Treating.” 
Name __ 


Position. 


Compeny_ 
Address. 
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of Kxpensive Alloy Lnserts 
THE OHIO CRANKSHAFT COMPANY 


Metals Engineering § 
..- Interpretative Reports of World-Wide Developments 


Tempered Alloy 
Martensites 


Digest of the Campbell Me- 
morial Lecture, presented by 
P. Payson, Crucible Steel Co. 
of America, Pittsburgh, at the 
National Metal Congress, Cleve- 
land, Oct. 30, 1958. 


HE INTRODUCTION, early in this 

century, of high speed toolsteels 
which could machine while red hot 
revolutionized machining practices. 
Now, similar steels are being heat 
treated for red hardness to with- 
stand the high temperatures pro- 
duced by aerodynamic friction. 
These steels contain carbon, chrom- 
ium, vanadium, tungsten and molyb- 
denum in varying proportions de- 
pending upon their ultimate use. 
In all, red hardness (resistance to 
softening at elevated temperatures ) 
is the unique property. 

Red hardness is certainly associ- 
ated with the formation and precipi- 
tation of alloy carbides when the 
martensite (formed on quenching) 
is heated. Before quenching, of 
course, the steel must first be heated 
to a temperature high enough to 
dissolve most of the alloying ele- 
ments in the austenite. 

Let us first consider the changes 
in hardness that occur in tempering 
three types of metals. Plain carbon 
martensite decreases in hardness 
continuously as the tempering tem- 
perature increases. In a precipita- 
tion hardening alloy which has been 
quenched and reheated, hardness re- 
mains constant over a range of tem- 
perature, rises to a maximum, and 
then drops. Finally, in a quenched 
high speed steel the hardness de- 
crease parallels that of plain carbon 
martensite up to about 600° F. 


Then hardness rises to a peak or 
plateau at about 1050 to 1100° F. 
and drops fairly rapidly with further 
temperature rises. The increase in 
hardness over a 700 to 1050° F. 
range is generally referred to as 
“secondary hardening.” 


The over-all implication is that 
(in tempering an alloy martensite) 
there is first a gradual softening as in 
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Fig. 1—Correlation of Room and 
Elevated Temperature Hardnesses 
for Tempered Alloy Martensites 


a plain carbon steel martensite, then 
a re-hardening because of a precipi- 
tation of alloy carbides. Though the 
reaction is complicated by retained 
austenite which may transform dur- 
ing the tempering operation, this 
does not affect red hardness greatly. 
As quenched, a hardened high speed 
steel may contain up to 20 to 25% 
untransformed austenite. When it 
is tempered twice (each period be- 
ing 2 hr.) at 1050° F., virtually all 
retained austenite is transformed. 


High speed and hot work steels 
tempered to transform retained aus- 
tenite have excellent resistance to 
softening. 


Hot Hardness 


There is a relatively simple re- 
lationship between room-tempera- 
ture hardness and hot hardness of 
tempered alloy martensites. If the 
steel is tested at a temperature below 
the tempering temperature, its hot 
hardness will be directly propor- 
tional to its room-temperature hard- 
ness. This is shown in Fig. 1. in 
which are plotted data for a variety 
of tempered alloy martensites. The 
curves are roughly parallel indicat- 
ing a fairly regular decrease in hard- 
ness with a 600 to 1200° F. increase. 
In other words, the higher the 
room-temperature hardness, the 
higher the hot hardness, provided 
the high-temperature testing does 
not affect the room-temperature 
hardness. A _ steel that has good 
red hardness therefore has good hot 
hardness. 


Effect of Composition 


As stated before, hardened and 
tempered high speed steels have 
higher hardness after lengthy ex- 
posures at 1000° F. than the hot 
work steel. {s this because of the 
difference in carbon content, differ- 
ences in the alloying elements, or 
differences in both? As of now, this 
question can only be answered in a 
general manner. 

The hardness of alloy martensites 
tempered into the fourth stage is 
definitely affected by both carbon 
and alloying elements. Since red 
hardness depends on the precipita- 
tion of alloy carbides, the steel must 
contain both carbon and carbide- 
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Production method for han- 
dling jet engine turbine wheels 
—4 plain disks or 3 with stub 


port, good and ALLOY CASTING CO. 


cir con 


handling. 


Part support does double duty 
as transverse “tray” element. 
Tubular construction, constant 
section, unique design. 


a 


Support for turbine shaft stub 
—easily removable when han- - 
dling plain disks. Fully articulated construction, 
using donut openings in rails 
ng AECCo. Designed side roils, H 
type, constont section, with 
donut tie-throughs. 


WHEN THE GOING cers 


For truly engineered ally WATER QUENCH FROM 2050 


products, remember that AECCo. design and production practices—which provide con- 
AECCo. offers its services sistent superior service on all heat treating applications—offer 
without charge to its cus- increasing benefits on the ROUGH jobs which separate the men 

tomers. from the boys. A leading jet engine producer requested AECCo. 
design solution to the problem illustrated—“trays” suitable for 
handling turbine wheels during extended heating at 2050F and 
WATER QUENCHING. The design shown—when combined 
with AECCo. production techniques—offers a fully ENGI- 
NEERED product for this most drastic of heat treating oper- 
ations. 


A RESISTANT CASTINGS 


1700 W. Washington St., Champaign, Iii. > Fleetwood 6- 2568 


” ENGINEERS AND PRODUCERS OF HEAT AND CORROSION RESISTANT | RESISTANT CASTINGS 
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Fig. 2— Electron Micrographs of a Low-Carbon 
Steel With 3.1% Mo (Samples Quenched From 
2300° F. and Treated as Shown). 


forming elements. But the quantita- 
tive relationship between composi- 
tion and hardness after tempering 
is not yet understood. The most 
interesting theory is that tempered 
hardness is dependent on the pres- 
ence of Cr;C,, V4C3, W.C, and 
Mo.C, provided the steel has suffi- 
cient carbon to combine stoichio- 
metrically with these alloying ele- 
ments. If there is excess carbon, 
Fe,C also forms and contributes to 
the hardness. 

Some data supporting this scheme 
were obtained on a series of experi- 
mental steels, the compositions of 
which were designed so that the 
carbon and the carbide forming 
elements, chromium, vanadium, 
tungsten and molybdenum, would be 
present in approximately stoichio- 
metric balance according to the 
quoted carbide formulas. The steels 
were heated between 2150 and 
2350° F. (to dissolve the carbides) , 
oil quenched, tempered at 950 to 
1200° F. for times up to 32 hr. and 
tested for hardness. Though stoichi- 
ometric balances were not actually 
attained (since all samples contained 
residual carbides), the results are of 
considerable interest. They indicate 
that a “balanced” steel (one in which 
all the carbon present is combined 
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with the alloying elements) is more 
resistant to softening than commer- 
cial high speed steels. As an exam- 
ple, a steel containing 1.1 C, 2.0 V, 
4.6 W and 4.6 Mo needs about 
3.2% Cr to “balance” the composi- 
tion. Data for similar steels with 
excess chromium also indicate that 
the resistance to softening is lowered 
when the amount of alloying ele- 
ments is more than that necessary to 
“balance” the carbon. Other data 
indicate that balanced relatively low- 
alloy steels are more resistant to 
softening than richer alloy steels. 
One would thus be inclined to con- 
clude that “balanced” compositions 
would be ideal for steels for high 
speed and hot work tool applica- 
tions, as well as for the steels with 
high strength at high temperature 
required for aircraft. However, the 
“balanced” steels are also generally 
less ductile during long-time expo- 
sures at 1000 to 1100° F. We are 
faced then with another question — 
how can we obtain both good red 
hardness and good ductility? This 
problem spurred us to undertake a 
more fundamental study of red 
hardness in steels. 

In our studies we used mainly a 
series of relatively low-carbon steels 
made in small induction heats and 


5 Hr 
. 1100° F 
Re 40 


gence and growth of Fe,C particles. Their subse- 
quent disappearance at higher tempering temper- 
atures is related to the formation of alloy carbides 


forged to about %s-in. square sections. 
Samples were austenitized at 2300° 
F. or higher, quenched in iced brine, 
and refrigerated in liquid nitrogen. 
They were then tempered over the 
range 600 to 1300° F. and tested 
for hardness, length changes, elec- 
trical resistivity and microstructure. 
Carbides precipitated during tem- 
pering were extracted and identified. 


Microstructures 


In some steels cementite, which 
forms during the third stage of tem- 
pering, gradually disappears (Fig. 
2) under tempering conditions cor- 
responding to the peak in the hard- 
ness curve, while in other steels 
cementite persists into the fourth 
stage and is still present after the 
alloy carbides have formed. In the 
molybdenum steel illustrated, ce- 
mentite forms during tempering in a 
short time at about 500° F. and 
grows to sizable particles, then 
gradually redissolves and is com- 
pletely absent in the sample tem- 
pered at 1100° F. for 5 hr. The 
alloy carbide, Mo,C, was detected in 
the sample tempered at 900° F., and 
is found in all samples tempered at 
higher temperatures. Conversely in 
0.7% V steel, cementite was present 
throughout the tempering range. 
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Start with 
a hole... 


instead of 
a headache 


Start with TIMKEN’ seamless tubing 
and save steel, machining time 


ORING out bar stock to make hollow parts is a 

waste of steel and valuable machining time. Be- 
sides, it’s a headache. The remedy is Timken® seamless 
steel tubing with the hole already there. You pay only 
for the steel you use. On top of this saving, you cut 
machining costs. By eliminating that unnecessary bor- 
ing operation you free part of your screw machines 
for other jobs—add machining capacity without adding 
machines. 


And you can actually get a better quality finished 
product with Timken seamless steel tubing. The reason 
is the way we make it. A solid round is forged over a 


mandrel, thoroughly working the metal inside and 
out. It's this rotary piercing operation that gives Timken 
seamless steel tubing its fine forged quality and uniform 
spiral grain flow for extra strength. Carefully controlled 
temperature and piercing speed keep this quality uni- 
form from tube to tube, heat to heat, bar to bar. 

We can help you increase your steel savings by having 
our engineers recommend the most economical tube 
size for your hollow parts job. They'll give you a size 
guaranteed to clean up to your finished dimensions. 
The Timken Roller Bearing Company, Steel and Tube 
Division, Canton 6, Ohio. Cable: “TIMROSCO”, 
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WHY CLOCK WATCHERS 
NEED GEVAERT MOST! 


Machine and interpretation time can clock 


up wasted hours if you're using ordinary 
X-ray films. But you'll never waste time 
when you rely on Gevaert’s deep, critical 
gaze. Even the faintest detail is registered 
... delicate tones and shades are clearly, 
cleanly defined and separated. No matter 
how deep the fault lies, SrRUCTURIx X-ray 
film will probe through and find it for you. 
Radiographs on any Gevaert X-Ray film 
are clear, fast and easy to read. Gevaert 
products have been quality-made since 


THE GEVAERT COMPANY OF AMERICA, INC. 


1894. Have you tried them yet? Just drop 
us a line for full information. 
HAVE YOU TRIED THESE STRUCTURIX 
X-RAY FILMS? 

D4—A safety film with contrasty emulsion 
and light blue base... for use without in- 
tensifying screens or with metal screens. 
D7 — Faster, with very high definition and 
contrast... for inspection of light metals 
that are medium to fairly thick, or thin 
and medium sections of heavy metals... 
and for gamma radiography. 


SALES OFFICES AND WAREHOUSES AT 
32! West 54th Street, New York 19, N. Y. 
6601 N. Lincoln Ave., Lincolnwood, Ili. (Chicago) 
6370 Santa Monica Bivd., Los Angeles 38, Calif. 
9109 Sovereign Row, Dalias, Texas 
P. O. Box 9161, Denver, Colo. 
In Canada: Gevaert (Canada) Limited 
345 Adelaide St., West, Toronto 2-B, Ontario 


Martensites .. . 


Most of the identifications were 
done by electron diffraction. This 
technique obviates any interference 
from residual carbides because they 
are too coarse to be picked up by the 
replica or too thick to permit pene- 
tration of the electron beam. By 
matching up diffraction patterns, 
tempering conditions at which the 
alloy carbide appears and cementite 
disappears can be determined, 

In Fig. 3 are shown changes in 
carbide which accompany the 
changes in hardness during the tem- 
pering of a tungsten steel. In this, 
as in most of the steels tested, the 
alloy carbide was detected at the 
beginning of secondary hardening. 
and cementite was present after the 
alloy carbide (W.C) appeared. The 
M,C carbide was also found after 
tempering above 1100° F. 

Other data on carbides are also of 
interest. In the 5.8% tungsten steel 
both W.C and MgC were found in 
the samples tempered at 1200 and 
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vs 
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Tempering Temperature, 


Fig. 3— Comparison of Carbide 
Diffraction Patterns and Hard- 
nesses of a 0.17% C, 58% W 
Steel Tempered 5 Hr. at Indicated 
Temperatures. As Fe,C dissolves, 
alloy carbides emerge to main- 
tain the hardness at a high level 


1300° F., whereas only W.C was 
found in the sample tempered at 
1100° F. In the 0.14% C, 3.1% 
Mo steel, Mo.C and M,C were 
found after the 1300° F. temper, but 
only Mo.C after the 1000, 1100, and 
1200° F. tempers. In other molyb- 
denum steels, only Mo,C was found. 
In complex steels containing 0.9% or 
more of vanadium, the predominant 
precipitated carbide is MyC,, but in 
some of the steels the MgC type is 
present along with M,C,. 

The chemical analyses, though 
somewhat inaccurate for various 
reasons, have value in that they show 
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Let’s get down to earth 


Do you think titanium, zirconium, columbium, tantalum and 
other exotic metals are “out of this world” for your use? 

You may be mistaken. Today the picture is changing. In- 
creased demand and new production techniques are fast 
bringing their cost and availability down to earth for many 
commercial applications. 

In fact, many companies are finding that their use often 
more than compensates for their extra cost in unparalleled 
corrosion resistance at high temperatures, better perform- 
ance and longer service life. 

If you have special problems of heat or corrosion resist- 
ance...a difficult application that demands unusual mechan- 
ical, physical, structural or nuclear properties ...these metals 
deserve careful consideration. And Bridgeport is ready to 
help you use them. 


LOOK INTO THE BRIDGEPORT METALS DEVELOPMENT PLAN 


Bridgeport has pioneered in fabricating mill products from exotic 
metals from the start and has produced many miles of special 
metals tubes. We have originated many of the processing methods 


about Exotic Metals! 


that are daily transforming these metals from costly rarities to 
readily available materials in a variety of forms—tube, rod, sheet 
and extruded shapes. This represents a substantial investment in 
time, skill and equipment. Because of our confidence in the rapid 
progress of exotic metals technology, we are prepared to work 
with you in their application on a cooperative basis. We welcome 
the opportunity to help solve your most difficult application 
problems. The coupon will bring prompt action. Send it today. 


Dept. $301, BRIDGEPORT BRASS COMPANY, Bridgeport 2, Conn. 
Please send information on the BRIDGEPORT SPECIAL METALS 
DEVELOPMENT PLAN. 


Nome 


Compony 


Address. 


wee BRIDGEPORT BRASS COMPANY 


BRIDGEPORT 2, CONNECTICUT 


Specialists in Metals from Aluminum to Zirconium 
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LIGHTNIN MIXER heips prepare 
acid waste for trip to sewer. 


Get better use of water 


when rinsin g acid-dipped parts 


Here’s a way to use /ess water for 
acid-rinse operations—and neutral- 
ize waste rinse effectively. 

In this rinsing operation, which 
follows an acid bright dip, make-up 
water is added only when the bath be- 
comes too acid—not continuously. 


How it works.Rinse-water electrolyt- 
ic conductivity is detected by a dip- 
type electrode and controlled by in- 
struments on the feed-water line. 
A LIGHTNIN Portable Mixer cir- 
culates the rinse, providing wiping 
action on the parts and keeping the 
bath so the electrode can 
sense conductivity accurately. 


Rinse water disposal. Before dis- 
charge to sewer, rinse water is con- 
tinuously neutralized with caustic 
soda in a 6’ x 3’ x 2’ retention tank. 
This tank is also equipped with a 
LIGHTNIN Mixer but the electrode 
here is for pH. Instruments control 
flow of caustic into the bath, pro- 
ducing a uniform waste effluent at 
legal concentration. 

Mixing action keeps salts and 
sludge uniformly suspended so the 
electrode gets a chemically accurate 


“taste” of the changing pH. 

(Instruments are made by Leeds 
& Northrup Co., and those shown 
here are in use at L&N’s North 
Wales, Pa., plant.) 


Mix any fluids 
rapidly. This is one 
of several ways you 
can make metal- 
working and clean- 
ing more produc- 
tive with LIGHTNIN 
Mixers. Use them 
in quench tanks 
to get more uni- 
form hardness, 
hardness 

epth, fewer soft 
spots. Speed up 
solvent-dip clean- 
ing of parts with 
chemicals rapidly, thoroughly. Re- 
sults are guaranteed. 

For information on LIGHTNINs 
that will give you the mixing action 
you want, call your LIGHTNIN 
Mixer representative (listed in 
Thomas’ Register) or write us direct. 


MIXCO fluid mixing speciaiists 


MIXING EQUIPMENT Co., Inc., 171-wMt. Read Bivd., Rochester 3, N.Y. 
In Canada: Greey Mixing Equipment, Ltd., 100 Miranda Avenue, Toronto 19, Ont. 
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carbide composition changes during 
the tempering of the steels. The 
iron content decreased quite rapidly 
as the tempering temperature in- 
creased beyond about 900° F., indi- 
cating that the Fe,C began to dis- 
solve at about 800° F. after about 
2 hr. Conversely, the alloy contents 
definitely increased as tempering 
exceeded 1000° F. for 2 hr., thus 
confirming that the alloy carbides 
formed under these tempering con- 
ditions. Data show that secondary 
hardening is definitely associated 
with the first precipitation of the 
alloy carbide. 

Electrical resistivity decreases 
gradually up to about 1000° F. dur- 
ing the period when cementite sepa- 
rates from the matrix and then more 
rapidly as the matrix becomes de- 
pleted in the alloying element. The 
X-ray diffraction lines are quite broad 
up to about 1100° F.; this indicates a 
strained condition of the matrix. 
Above this temperature, the lines 
sharpen indicating a relaxation of 
the strain. Finally, precise length 
measurements made at room tem- 
perature before and after tempering 
indicated a decrease in length dur- 
ing the early tempering stages fol- 
lowed by an increase during the 
initiation of alloy carbide precip- 
itation. The contraction during 
the third stage was expected but the 
increase in length accompanying 
the secondary hardening was sur- 
prising. We believe this unexpected 
expansion is not necessarily attribut- 
able to the transformation of re- 
tained austenite. In one test a small 
quantity of austenite was found in 
the as-quenched samples but after 
the 500° F. temper, examination by 
X-ray diffraction indicated that no 
austenite remained. 

The length-change data indicate 
an expansion up to 500° F. (attrib- 
utable to retained austenite trans- 
formation), This is second stage 
tempering. The contraction 
tween about 400 and 900° F. is 
attributable to the separation of 
cementite from the matrix — the 
third stage of tempering — and this 
contraction is greater the higher the 
carbon content of the steel. The 
expansion between about 900 and 
1200° F. we believe is due to strain- 
ing of the matrix by the formation of 
a coherent precipitate of the alloy 
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Before you read on, blink your eyes. In the 
time it took to do that, this man has produced 
an entire automotive grease gun body—com- 
plete with external ribs; solid end; smooth, 
seamless interior; and go-to-market external 
finish. 

Sound too easy? No! We can make round, 
oval, square and irregular parts the same 
way. Finished parts—with the strength of 
forgings—with tolerances down to plus or 
minus 0.005”—with a smooth, corrosion-re- 
sistant finish of about 125 microinches. A 
clear case of putting the metal where you 
want it. The cost of tooling for impacts is 


Alcoa puts the metal where you want it 


surprisingly low, too. A good rule to remember 
is that virtually any closed end or tubular 
design should be considered as an Alcoa" 
Impact. 

In impacts, as well as forgings, castings, 
extrusions and screw machine parts... Alcoa 
puts the metal where you want it. A call to 
Alcoa can mean fewer rejects or ingenious 
design solutions . . . less waste in production 
or a product that sells faster. Start now; 
write for Alcoa Up-to-Daters, a file of design 
tipson Alcoa Engineered Products. Aluminum 
Company of America, 1999 Alcoa Building, 
Pittsburgh 19, Pennsylvania. 


ALCOA 


ALUMINUM 


Alcoa puts the metal where you want 
it castings. forgings. extrusions. 


screw machine parts and impacts 


ALCOA THEATRE 
FINE ENTERTAINMENT 
ALTERNATE MONDAY EVE SINGS 


OF A SERIES 


Safeguarding lives is the aim of Oldsmobile’s new 
electronic headlamp aiming device that makes 
sure every Oldsmobile has perfect “see-ability”. 


Night driving safety depends upon how precisely head- 
lamps are aimed. Minute errors in adjustment can mean 
the difference of several square feet in light area on the 
road. To be completely on the “safe side”, Oldsmobile 
aiming standards specify that lights be aimed twice as 
accurately as required by state laws. 

To make certain that every light is aimed perfectly, 
Oldsmobile engineers developed an ingenious electronic 
device that effectively measures light intensity and direc- 
tion, even at Oldsmobile’s highest production rate. 

On the assembly line, every car is automatically shuttled 
to the aiming platform where two probes rise out of the 
floor and “feel” the exact location of the car. The “eyes” 


LIGHTING YOUR WAY 


TO A SAFER FUTURE 


of the aiming device then align themselves with the 
centerline of the car. A series of photoelectric cells in- 
stantly record the light intensity and direction on large 
dials. A built-in scanning circuit then inspects all set- 
tings of the headlamps to make certain they are accurate. 
If there is an error, a colored soap solution is automati- 
cally sprayed on the windshield, and the headlamps are 
re-aimed. 

Oldsmobile takes pride in producing an automobile as 
advanced in every respect as modern technology can 
make it. However, you owe it to yourself to have your 
headlamps periodically checked. As part of General 
Motors’ public-spirited “Aim to Live” program, your 
Oldsmobile Dealer is featuring headlamp aiming, as 
well as other important safety services for you. Stop in 
soon... and while you are there, take a test drive in a 
new Olds—sales leader of the medium price class. 


OLDSMOBILE DIVISION, GENERAL MOTORS CORP. 


Pioneer in Progressive Engineering 
---Famous for Quality Manutacturing 


OLDSMOBILE > 
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ALUMINUM 
HOMOGENIZING TO 


+ OR — 5° 


R-S CARHEARTH 
FURNACE HANDLES 
25 TONS PER DAY 


Uniformity hour after hour... day after 
day with a variation of only plus or minus 
5°F. That's the record set by an R-S gas 
fired, double end, carhearth forced con- 
vection homogenizing furnace at the Bohn 
Aluminum & Brass Co. This particular instal- 
lation is homogenizing ao charge of 50,000 
Ibs. of aluminum billets at a maximum 
temperature of 1150°F. 


Other R-S Carhearth Furnaces now in use 
are handling production in excess of 80 
tons daily and maintaining the same uni- 
formity in every heat. These and many other 
speciolized heat treating furnaces are de- 
signed, developed and built by R-S to 
reduce production time, cut costs and im- 
prove the quality of the finished product. 


Why not put these savings to work in your 
plant? Write today for the booklet that 
points the way to better heat treating. Ask 
for RS-200. Send your request to... 


R-S FURNACE CO., INC. 


NORTH WALES, PA. 


FURNACES 
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carbide. Once coherency is lost as 
the alloy carbide grows with increase 
of tempering temperature, there is no 
longer a state of strain and the steel 
again begins to decrease in length 
with further tempering. 


Conclusions 


And so we have arrived at the 
conclusion that secondary hardening 
is attributable to a coherent precipi- 
tation of alloy carbides, and that 
these carbides may be one of sev- 
eral types depending on the compo- 
sion of the steel. The iron carbide 
(Fe,C) may also be present up to 
and beyond the secondary hardness 
peak. Red hardness is attributable 
to the gestation period in the devel- 
opment of the precipitated alloy 
carbide. Where chromium is the 
only carbide-forming element, there 
is no real secondary hardening 
although there is considerable resist- 
ance to softening during relatively 
short-time tempering up to about 
900° F. 

Although the concept of separate 
alloy carbides for the four carbide- 
forming elements has not been sub- 
stantiated, its use has helped us 
develop steels of superior resistance 
to softening. It appears that the 
gestation period in the development 
of the precipitated alloy carbide is 
prolonged when there is a certain 
balance between the carbon con- 
tent and the alloy content of the 
steel. 

Several questions remain un- 
answered. All good teachers are will- 
ing to concede that they do not know 
everything about the subjects they 
discuss and are generally content to 
point out directions for the curious 
ones to travel. I believe Professor 
Campbell would have approved of 
this, so here then are these questions: 

1. What formula should be used 
in balancing carbon and alloy con- 
tents for a desired hardness after a 
specified tempering procedure? 

2. What compromise must be 
made in this formula to provide good 
ductility along with good hardness? 

3. Under circumstances 
does cementite persist in alloy steels 
throughout the tempering range? 

4. Can we establish whether the 
carbon content of the matrix is actu- 
ally increased during the secondary 
hardening period, or whether carbon 


retains its grade particle size longer —hes 
longer cleaning life, because of its 

own exclusive metallurgical structure — 
found in no other metal abrasive. 

Tough and shatter-resistant, its slow 
breakdo... rate prevents the excessively 
fast accumulation of “fines” that slow 
up cleaning, destroy machine replacement 
parts and build up cleaning costs. 

Yes, cleaning costs ore lower with 
Malleabrasive — proven in plant ofter 
plant. We'll show you why—cite 
you cases. Write us. 


THE GLOBE STEEL ABRASIVE CO. 


by Pangborn Corp., Hagerstown, Md., ond by many leading 


distributer: of foundry from coes! te const. 
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Analyzing for metallic elements 
day-in-day-out ? 


HERE'S HOW TO CUT ANALYSIS TIME 
TO 2 MINUTES PER SAMPLE... 


Atomcounter 


DIRECT READING SPECTROMETER 


With an Atomcounter, you can detect up to 30 metallic elements 
simultaneously and read individual concentrations from dials — all 
within two minutes. For metal producers, here's analytical speed made 
to order for controlling production alloys, checking material “spec” 
conformance. For research or commercial labs, here’s analytical speed 
to keep the endless volume of routine samples flowing smoothly. 
Wherever profits and efficiency are keyed to speed of analytical results, 
Atomcounter two-minute analysis gives you more time to accomplish 
more ... handles more samples every hour .. . ends delay and drudgery. 
With an Atomcounter in your lab, high speed routine analysis becomes 
a simple, foolproof operation, easily mastered by any technician. And 
Atomcounter owners are assured of maximum dividends right from 
the start, for Jarrell-Ash engineers will tailor an instrument to your 
specific application, handle complete installation, and train your per- 
sonnel thoroughly in Atomcounter operation and maintenance — all 
without extra charge. 


If you're concerned with routine analyses of metals, alloys, slags, ores, 
lubricating oils (for wear metals and additives), soils, biological plant 
ash, etc., invite a Jarrell-Ash analytical methods engineer to perform 
a comparative time-study right in your own lab. No obligation, of 
course, and chances are you'll be amazed at the findings. 


NOW AVAILABLE WITH OPTIONAL CAMERA FOR EVEN GREATER VERSATILITY: 


Lets Atomcounter double as photographic spectrograph — ideal where flow of routine 
analyses is interrupted occasionally for an ‘odd sample”’ or research problem requiring 
photographic methods. 


JARRELL-ASH COMPANY 


22 Farwell Street, Newtonville 60, Massachusetts 
San Mateo, Calif. + Costa Mesa, Calif. + Dallas, Texas Chicago, ! 
Detroit, Mich. + Atlanta, Georgia + Pittsburgh, Penna. + New Brunswick, N. 
CANADA: Technical Service ! aboratories, Toronto, Ontario 


| merery  JARRELL-ASH CO., 22 Farwell Street, Newtonville 60, Massachusetts l 
SIGN AND We're interested in learning firsthand how we can profit by high-speed Atomcounter analysis. 
| CLIP TO Please have your analytical methods engineer contact the undersigned. ] 


J. 
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(redissolved from precipitated Fe,C) 
immediately combines with alloying 
element and precipitates as alloy car- 
bide? If the carbon content of the 
matrix does increase, this would help 
account for the expansion that occurs 
during this period. 


5. What are the limits of the alloy 
contents of the carbides precipitated 
during tempering? 

6. Why does not the precipitation 
of chromium carbide in plain chro- 
mium steels cause any secondary 
hardening? 

7. In what way does cobalt con- 
tribute to the red hardness of alloy 
steels? (I have carefully avoided 
this subject because very little is 
known about it.) 

8. When hardened high speed 
steel is tempered, the retained aus- 
tenite is said to be “conditioned” 
by heating at 1050° F. to transform 
to martensite during subsequent 
cooling. This conditioning mecha- 
nism has not been adequately 
explained. 

Although we expect that others 
working in this field will answer 
some of these questions, we shall 
continue to study alloy martensites 
and some day we may fully under- 
stand them. CRW. 


Turbogenerator . . . 


(Starts on p. 114) 


defined bands suggesting that it had 
been bombarded by solid particles 
traveling at high speed; these bands, 
and the normal clean machined sur- 
face of the valve tail are identified 
also in Fig. 1. 

Since this suggested damage by 
hard particles entrained in the 
steam, samples were taken of the 
solid material entrapped in the top 
and bottom strainers, of particles 
adhering to the valve bushings and 
shafts, and of material actually em- 
bedded in these components. These 
were analyzed chemically, metal- 
lurgically and spectroscopically. The 
predominant component appeared to 
be fragments of chilled iron which 
formed the nuclei of agglomerations 
of metal mainly derived from the 
valve spindles and bushings. There 
was also evidence that chilled iron 
was present on the seized parts of 
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Columbia produces 
250 bicycle forks per hour 
with automatic 


GAS brazing 


DECEMBER 1958 


Gas brazing is not new to Westfield, where Columbia 
bicycle frames have been brazed with Gas-fired Selas 
processing equipment for many years. During this 
time, pre-placing of brass filler material and auto- 
matic heating have limited dependence on operator 
skill, reduced material waste, and eliminated costly 
cleanup operations. With the installation of the new 
Gas brazing machine in their production operation, 
these advantages have been extended to include 
fork manufacture, also. 

For information on how Gas equipment can 
help you in your production operations, call your 
Gas Company’s industrial specialist. He'll be glad 
to discuss the economies and outstanding results 
you'll get with Gas and modern Gas equipment. 


American Gas Assoctation. 


Two fork styles in all standard 
bicycle sizes are joined from 
eight steel components on this 
new automatic Selas machine 
by Westfield Manufacturing Co., 
Westfield, Mass. Controlied 
combustion and flame geom- 
etry bring the parts to brazing 
temperature of 1750°F in only 
86 seconds, using economical 
Gas equipment. 
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Bimetal 

ACTUATES ANOTHER 
MEL-RAIN 
TV 


PRODUCT 


CIRCUIT PROTECTOR 


| 


i 


While all will agree that TV circuits need protection against mal- 
functioning, especially for conditions which could start fires, the 
nuisance and high cost of fuse replacement by a service man is 
abominated by all. Mel-Rain Corporation has licked this problem 
with their line of TV Circuit Protectors. They make the set inopera- 
tive in case a hazardous condition exists but, since a high percent- 
age of failures is due to ageing or intermittent surges, the set 
may be put into use immediately by simply resetting the button. 
The Mel-Rain design also prevents “cycling” and sticking of con- 
tacts, and the breaking of the circuit by high ambient temperatures 
both in the set and in the room. The units are low-cost, reliable 
and handle a current range from 100 MA to 7'2 amperes in a 
temperature spread up to 150°. 


Here is a case where reliability in the protective device must 
be obtained at low cost, as competition is severe among TV 
manufacturers. Known for a third of a century for its dependability 
and precision, Chace Thermostatic Bimetal is also far and away 
the best buy in bimetal. The quality which results from Chace’s 
processes reduces rejects to an almost incalculable fraction of a 
percentage point, an indication of the skill of our manufacturing 
and the thoroughness of our development, testing, and inspection 
methods. Final proof, of course, is the satisfaction which products 
actuated by Chace bimetal give to their owners, year after year. 


When your temperature responsive device approaches the 
design stage, remember these qualities of over 30 types of Chace 
Thermostatic Bimetal, whether in strip, coil or completely fabri- 
cated elements of your design. Send for our new booklet, ‘‘Success- 
ful Applications of Chace Thermostatic Bimetal,”’ containing many 
ges of ign data. 


W. M. CHACE CO. 


1626 BEARD AVE., DETROIT 9, MICH. 


Turbogenerator . . . 


the governor valve. Direct com- 
parisons were therefore made with 
samples of chilled iron shot taken 
from the last consignment supplied 


to the site approximately six months 
previously.* 


The fragments of recovered and 
embedded iron were found to have 
an identical dendritic structure to 
the control sample of shot, and a 
similar diamond penetrator hardness 
of 850 DPH. Vanadium, titanium 
and other trace elements were de- 
tected spectroscopically in both the 
material recovered and the control 


sample. 


Surface layers of metal 


were removed from the spindle of 
the runaway stop valve by electro 
polishing, after which some em 


bedded 


particles were _ isolated. 


Three particles of shot were identi- 
fied by microstructure and by hard- 
ness. Figure 2 clearly shows the 
different metallographic structure of 
an embedded particle and the sur- 
rounding material. 

As further confirmation of the 
theory that the materials found in 
the valve unit were foreign to the 
system, the investigating committee 
heard that no metals were used in 
the steam system of a_ hardness 
greater than about 350 DPH. They 
therefore concluded that the mark- 
ings on the spindles indicated that 
they had been abraded by fine hard 
particles entrained by steam and en- 
tering clearance spaces, and that the 
foreign bodies which jammed the 
two valves were fragments of chilled 


iron shot. 


Origin of the Shot 


From the appearance of the spin- 
dle of the governor valve, and the 
presence of shot in the steam strain- 
ers of the valve unit, it was con- 
cluded that these particles had been 
carried into the valves by the steam 
system. The size of the fragments 
in relation to the clearances between 
spindle and guide were completely 
consistent with such a conclusion. 
Several components of the system 
were known to have been shot- 
blasted but the investigating com- 
mittee was unable to obtain any 


(Continued on p. 152) 
/ 


*EpitTor’s FooTNote—Presumably 


this was used on the site in hand 
guns to clean up various items of 
piping and other equipment prior to 


erection. 
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put SODIUM 


to work for YOU! 


Sodium is easily alloyed with many metals. Selec- 
tion and proportion of the alloying material are factors 
giving wide control of sodium’s performance. 

Sodium can be hardened through alloying for better 


flaking or pulverizing. By leaching out sodium from 


the alloy, it can supply other metals in sponge or por- 


ous forms for catalysis and other contact uses. It is 
also an effective wetting agent for the application of 


aluminum and zinc. 


Sodium will reduce many metal halides to the virgin 


metal. Modification of aluminum silicon alloys with 
sodium is effective for uniform distribution of silicon. 

High boiling point, excellent wetting of heat- 
transfer surfaces, and freedom from carbonization, 
polymerization, or decomposition, characterize sodium 
and sodium alloys in heat-transfer applications. 

Both sodium metal and sodium-lead alloys are com- 
mercially available from Ethyl. Let Ethyl engineers 
help you investigate these materials or other sodium 


alloys. Mail the coupon for information. 


ETHIE 


Got 


100 PARK AVENUE, NEW YORK 17, N.Y. « CHICAGO + TULSA + LOS ANGELES 


ETHYL CORPORATION 
100 Park Ave., New York 17, N.Y. 


Please send me 


(C0 Fact Sheet on 
Sodium Alloys 


Sample of Flaked 
Sodium-Llead Alloy 


DECEMBER 1958 


NAME 
COMPANY OR INSTITUTION 
ADDRESS ___ 


CItV....... 
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Reserves are only part of the reason why Canada produces more than eighty per cent of the free world’s nickel. More 
important than the reserves are the Canadians themselves. For Canada has bred a group of men who have made mining 
their lives. Men who spend their days and nights wresting ore from the earth and metal from the ore. 

These are the men who have made Sherritt Gurdon Mines Limited the third largest nickel producer in Canada, 
For them, mining was always a full time job. First copper mining, then nickel mining. Now they are blazing a trail in 
nickel refining. A new revolutionary process, developed by Sherritt, has captured the imagination of metals people 
the world over. And as the need for nickel has grown, so have the men of Sherritt expanded their facilities to meet it. 


By adding a third skill to mining and refining, Sherritt enters a new era of growth and service. On September 1, 


1958, Sherritt named Foote Mineral Company the sole sales agent for Sherritt nickel in the United States and Canada. 


mined by SHERRITT 
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As Sherritt typifies the determination and devotion of the Canadian miner, so Foote typifies the concept of imaginative 
service of the American technical marketer. 

Foote’s entire history has been marked by a deep understanding and familiarity with the earth sciences. But going 
beyond mere understanding, Foote has used its knowledge to help customers expand the known markets. And entirely 
new markets have been opened for such materials as lithium and manganese. 

The reputation won by Foote in the creative marketing of metals, minerals, and chemicals has now secured for Foote 
a new challenge ... the exclusive sales agency for Sherritt nickel in the United States and Canada. 


If you use nickel now . . . or if there’s a promise that nickel might prove useful to you in the future... get in 


touch with Foote Mineral Company, 424 Kighteen West Chelten Building. Philadelphia 44, Pa. 


marketed by FOOTE 
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HIGH FREQUENCY 


electronics a5 well as the mest practical and 


cost or. obligations. 


IRON CASTINGS 
BRAZED TO STEEL TUBES 


ACEO 
/ BRAZING ALLOY 


/ INOUCTION COIL 


Assembly of iron castings and steel or 
copper ports are facilitated by induction 
heating. Arrangement is illustrated for 
silver brazing malleable iron castings to 
steel tubing. Coil design shown provides 
uniform heating for joint. Proper joint 
design assures high bond strength. 
Electrolytic treatment of castings to re- 
move carbon (Kolene Treatment in- 
creases strength and tightness of joint 
to gases and liquids. 


STEEL TUBING 


TYPICAL INDUCTION HEATING APPLICATIONS 


a INDUCTION | 


HEATING 


GOLD BRAZING 
IN JEWELRY INDUSTRY 


STEEL SPRING 


/ 


/ 


LIT INCOWEL 


ASBESTOS 


INSULATION 


INOUCTION 
OOUBLE Laver 


GOLD RING 
AND SETTING 


Liner type induction coil shown provides 
a flexible arrangement for brazing set- 
tings to gold rings. The simple fixture 
facilitates handling. The unique coil de- 
sign permits heating by induction and 
by radiation from heated metal liner. 
Ring, setting and gold brazing alloy 
are pre-assembled in a ceramic jig and 
then moved into heating position within 
the coil for brazing. 


CUTTER BLADES 
SELECTIVELY HARDENED 


Electronic hers: enerators 4rom 


55th STREET and 37th AVENUE, WOODSIDE 77, NEW YORK CiTY N_ ¥ 


Photo shows coil design and arrange- 
ment used to selectively harden edges 
of cutter blades used in agricultural 
equipment. In production, cutter blades 
are automatically fed between layers 
of the induction coil, selectively heated 
and then oil quenched at the rate of 
one per second. Hardness at the cutting 
edge is Re 62/64. Distortion is negligible 


kw to 100 kw. 


Turbogenerator . . . 


direct evidence as to how shot 
might have entered the steam sys- 
tem. One obvious conclusion was 
that steam plant in the future should 
be carefully examined before com- 
missioning to make sure that it is 
free from shot, dirt or other delete- 
rious material. 


Steam Boilers Versus Atomic 
Reactors 


It thus became apparent that the 
generator failed through gross over- 
speeding, and this in turn was the 
result of nonfunctioning “automatic” 
auxiliaries. (It is worthy of note that 
the first intimation of danger came 
not from the turbogenerator but from 
the reactor—the heat producing 
unit.) Fortunately, flying fragments 
or any other associated train of 
events did not damage other parts 
of the power plant. This might have 
led to serious trouble in a conven 
tional coal-fired boiler plant, but 
could have been even more danger- 
ous at Calder Hall where the heat 
comes from atomic reactors. An im- 
portant portion of the investigating 
committee’s report therefore has to 
do with the somewhat unique design 
features of the entire plant. These 
are of most interest to the power 
plant engineer, but brief mention 
may be made for those who are in- 
terested in peaceful uses of atomic 
energy. 

It will be recalled that the Calder 
Hall plant is one of a series of power- 
producing units being constructed to 
deliver electricity into the general 
industrial network. Its reactors use 
natural uranium for fuel, graphite 
for moderator, and CO, gas for cool- 
ant. Each reactor has four heat 
interchangers receiving CO, gas at 
640° F., and generating steam at 
590° F. and 210 psi. Thus any 
radioactivity in the gas coolant is 
retained in the primary piping sys- 
tem; the steam generated and pass- 
ing to the turbines should be free. 

At Calder Hall the reactor control 
rooms are on the turbine-house side 
of the reactors, and there are two 
strong structural walls protecting the 
control room, which of course are 
desirable. 

Because of the layout of the plant, 
it was unlikely that more than two 
heat exchangers would be damaged 
by a turbogenerator accident. The 
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how 


After extensive testing, Pontiac adopted the 4520 type for ring gears 
and pinions in its 1956 model and has used this grade ever since. 


AISI-SAE 4520 is more economical than the previously used car- 
burizing steel with lower molybdenum content. 


I, IDUCTION 


AISI-SAE 4520 has machinability commensurate with the previ- 
ously used carburizing steel and can be annealed with a simpler 
practice. 


IN OUALITY 


AISI-SAE 4520 gives a higher case hardness after carburizing and 
quenching than the previously used carburizing steel. 


DECEMBER 1958 


AISI-SAE 4520 is now a 
standard grade. Ask your reg- 
ular steel supplier about it. 


CLIMAX MOLYBDENUM CO. 


A Division of 
American Metal Climax, 
500 Fifth Avenue, New York 36, N, Y. 
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adds 
. gas circuit to each heat exchanger is 
T ce A to its Fine Line independent, and could be isolated 


by valves situated behind thick con- 
of Fu rnaces crete walls. In the event of damage 
to the gas ducts, the reactor would 
trip automatically; if not already 
tripped, the valves in the affected 
circuits could be closed. The com- 
mittee therefore concluded that 
damage to the gas duct would not 


Electric Resistance Holding 
Furnace—Available in several 
for holding maken cause any hazard to the reactor. 

aluminum for die casting and One of the consequences of the 
permanent mold work. 


accident was that water from frac- 


tured mains flowed from pipe 
trenches to cable ducts and some of 
the main electrical equipment had 
to be withdrawn from service. Ap- 
propriate barriers should be installed 
in cable ducts, and pipe trenches 


should be adequately drained. As a 
further precaution, it was recom- 
mended that the intakes to the air- 
cooling systein for the biological 


Reverberatory Furnaces — for 
breakdown of non-ferrous metals to 
supply hot metal to holding furnaces. 
Can be supplied with gas or oil or 
combination burners. Hydraulic tilt- 
ing mech . Also available are 
double chamber furnaces for melting 
and holding in the same furnace. 


shield should be so placed as to 
insure that they could not become 


immersed during any accidental 
flood. 

Although the accident involved 
no release of radioactivity, the com- 
mittee considered possible second- 
ary consequences which might have 
arisen, and reached the conclusion 
that the reactor itself had not been 
put in any danger. S$ 


Crucible Melting Furnaces — for 


brass, bronze, aluminum and other Testing Adhesive 


non-ferrous metals. Stationary or tilt- 


ing may be tilted manually, hydrav- 
lically, mechanically, or by independ- Strength of 


ent hoist. Wide range of sizes. 


Metallic Coatings 


Digest of “Improved Meth- 
ods of Testing the Adhesive 
Strength of Metallic Coatings on 


Wires”, E. . Franks, 
Metalloberflache, Vol. 11, Feb- 


} The Stroman Furnace and Engineering Company, manu- ruary 1957, p. 53-59; abridged 
: Iti 5 att in Engineers Digest, Vol. 18, 
Aa facturers of non-ferrous metal melting furnaces and other April 1957, p. 151-152. 

a foundry equipment, has been purchased by Hevi-Duty 
The wide range of Stroman-designed foundry equipment the ad a strength of metallic 
: ? . coatings on wire is to wind a length 
will now be produced at Hevi-Duty’s new Watertown, 
Wisconsin, plant. All Stroman equipment now in use will deed chent cleft to ton tines the 
be serviced by Hevi-Duty. For more information, write of. 
a3 Hevi-Duty Electric Company, Milwaukee 1, Wisconsin. whether the coating flakes off or is 
ie a otherwise damaged. This test does 


not reflect a durable adhesive 
strength under conditions such as 
fatigue or impact. Hence other and 
more stringent methods of deforma- 
tion have been devised. 

By mounting a measured length 
of wire in the jaws of a conventional 


® Industrial Furnaces 
Electric and Fuel 


® Laboratory Furnaces 
® Dry Type Transformers 
® Constant Current Regulators 
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torsion testing machine and observ- 
ing the number of complete revolu- 
tions before the first loosening or 
flaking of the coating occurs, ad- 
hesive strength in torsion can be 
compared among different speci- 
mens. Uniformity of results will 
depend upon a constant length of 
wire and rate of twisting. 

In another test a wire sample is 
fed between two cylindrical rolls 
with variable center distance to per- 
mit adjusting rolling pressure. One 
roll is driven at slow speed or turned 
manually, The test is carried out 
at intermittently increased pressures 
or with repeated passes at increas- 
ing pressure. The pressure at w hich 
the first particles of coating flake 
off completely can be taken as a 
comparative measure or index of 
adhesive strength. 

In a bending test under tension, 
the wire sample is held between two 
clamps and is bent by pressure ap- 
plied through a grooved plate or 
disk guided transversely to the axis 
of the wire. The disk is pressed 
against the wire until the first par- 
ticles of coating flake off on the more 
highly stressed tension side of the 
wire. The deflection obtained con- 
stitutes an excellent measure of coat- 
ing adhesion. 

In a refinement of the winding 
test, a conical drum makes it possi- 
ble to vary the degree of flexing of 
the wire as it is weund from the 
larger diameter down to the smaller 
diameter of the drum. The wire 
may be guided by grooves cut in 
the drum surface or by a guide 
traveling on a feed screw. Weights 
on the free end of the wire main- 
tain tension to keep it firmly on the 
surface during winding and to 
straighten it out in unwinding. The 
number of winding and unwinding 
cycles at which the first signs of 
flaking occur is a measure of ad- 
hesive strength of the coating. Di- 
ameter of the drum at the point 
where flaking is first observed must 
be indicated as a measure of the 
stress imposed. Suggested dimen- 
sions of a drum are 3 ft. long, with 
maximum and minimum diameters 
of 16 in. and % in., respectively. 

This test can be simplified and 
accelerated if two drums are posi- 
tioned next to each other and the 
wire wound first on one, then un- 
wound onto the other. Each com- 
plete winding cycle thus stresses the 
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HEVI-DUTY ANNOUNCES 
the addition of fuel-fired 
furnaces to its line 


— 


Clean-Line Automotic Heat Treating Unit 
handles heat, quench and draw cycles — all 
within protective atmosphere. Ideal for 
automatic bright hardening, carbonitriding, 
carburizing and other operations 

requiring temperatures to 1850°F. 

Washer, atmosphere tempering 

unit and atmosphere gene-ator ore 

ilable for a complete system. 


Melting Furnaces — rigid or 
tilting types, manual or power- 
operated. Included are crucible 
furnaces and dry hearth furnaces 
for melting aluminum and other 
soft metals. 


Forging Furnaces include 
adjustable slot forges and rod 
end forges with operating 
temperatures to 2200°F. 


Hevi-puty has added to its well-established line of electric heat 
treating furnaces, a complete range of quality juel-fired furnaces for 
heat treating, melting and forging, through the purchase of the In- 
dustrial Furnace Division of Eclipse Fuel Engineering Company, 
Rockford, Illinois. 

Hevi-Duty will manufacture and sell all types of furnaces 
formerly built by Eclipse and will provide service and replacement 
parts for any Eclipse furnaces now in operation. 

The acquisition will enable Hevi-Duty to better serve the 
growing needs for industrial heat. For more information, call your 
nearest district office or write Hevi-Duty Electric Company, Post 
Office Box 563, Milwaukee 1, Wisconsin. 


* Heat Processing Furnaces 
Dry Type Transformers 
® Constant Current Regulators 
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How to produce low alloy welds 
to resist tons of torture 


Job Report Courtesy of 
Food Machinery and Chemical Co. 
Ordnance Division, San Jose, Collif. 


WELD WITH Sac 


LOW ALLOY ELECTRODES 


This 22% ton armored personnel carrier proves an important 
point. When working with hard-to-weld low-alloy plate, and welds 
must be extra strong and tough in the “as welded” condition, it 
pays to use the highest quality weld metal available. In this case, 
Arcos Tensilend 100, a low hydrogen coated electrode produced 
weld metal that matched the physical and chemical properties of 
the base metal. In addition, it did the job with less nickel than the 
19-9 modified electrode formerly used. There was no preheat, no 
postheat .. . and complete freedom from cracking. ARCOS COR- 
PORATION, 1500 S. 50th St., Philadelphia 43, Pa. 


Adhesive Strength . . . 


wire twice. If the drums are 
placed with the smaller diameter 
of one opposite the larger diameter 
of the other, winding stresses will 
be unequal; if their positions are 
reversed, stresses can be made equal. 
Coatings subject to impact in serv- 
ice can be tested by a simple pendu- 
lum-type hammer striking the wire, 
or by a hammer actuated by a 
ratchet device. The wire can either 
be stretched flat on a plate or wound 
on a rotating disk. The number of 
hammer blows required to induce 
flaking is a measure of the adhesive 
strength. Artuur H. ALLEN 


Magnox—Corrosion 
Resistant Magnesium 


Digest of “Progress on Specific 
Reactor Types— Calder Hal! 
and Related Types”, Power 
Reactor Technology, December 
1957. [The first issue of a quar- 
terly review of recent develop- 
ments prepared by General Nu- 
clear Engineering Corp. (W. H. 
Zinn), for the U.S. Atomic 
Energy Commission. Subscrip- 
tions $2 per year.] 


S IS WELL KNowN, the British 
power reactor at Calder Hall 
uses a natural uranium fuel element. 
cooled with CO, gas, and moderated 
with graphite. Among the many 
design problems were the develop- 
ment of materials of low absorption 
for use in CO, at high temperature, 
a design of fuel slug to achieve the 
necessary heat transfer rates, and 
the fabrication of pressure vessels of 
sufficient size to contain the reactor. 
An article by Tom Bishop in 
Metal Progress for June 1957 de- 
scribes the jacketing or canning. 
Oxidation resistance at operating 
temperatures was of course impor- 
tant. Tests in dry CO, at 8 atm. 
pressure and 750° F. for five months 
gave the following losses: 

No measurable attack: 18-8-1 
stainless, commercial aluminum, sin- 
tered aluminum powder. 

Loss 0.1 mg. per cc.; commercial 
magnesium, “Magnox C”. 

Loss 0.15 to 1.10 mg. per cc.; age 
hardened aluminum, strong mag- 
nesium alloys, steel (mild and low- 
alloy), sintered magnesium powder. 

More than 2 mg. per cc.; cast 
iron. 


METAL PROGRESS 


J a 4 
fo 
F 
156 


Magnesium was chosen for its 
good resistance to corrosion and high 
heat conductivity. Mr. Bishop's 
article recounts how various “Mag- 
nox” alloys were developed by 
Magnesium Elektron, Ltd., contain- 
ing aluminum, beryllium and cal- 
cium. Preferred analysis (Magnox 
C) has 0.7 to 0.9% Al, 0.005% Be 
and no Ca, made with 99.95% Mg. 

Ignition tests on Magnox alloys re- 
vealed an ignition temperature of 
approximately 1200° F. at 11 atm. 
pressure of CO, for all variations. 
No ignition occurred at tempera- 
tures up to 1300° F. with CO, at 
atmospheric pressure and at a flow 
rate of 20 cu.ft. per hr. 

The Magnox alloys are extremely 
sensitive to metallic contamination. 

High-temperature tensile tests on 
Magnox C at a strain rate of 18% 
per in. gave the following results: 

212°F. 12,800 psi. 8% elong. 


400 6,200 23 
575 3,000 53 
750 1,000 88 


Time for rupture at 660° F. under 
various creep strains and _ stresses 
gave the following data: 


TIME Stress Creep STRAIN 
35 hr. 800 psi. 36% 
115 700 26 
220 600 22 
580 500 30 
1460 400 52 
2200 300 25 
E.E.T. 


Strain Aging of Steel 
Sheet 


Digest of “Some Observations 
on the Aging of Low-Carbon 
Steel Sheet”, by E. R. Morgan, 
Jones & Laughlin Steel Corp., 
S.A.E. Preprint No. 830A, March 
1958, 10 p. 


HE STRAIN AGING of steel sheet to 

be used for automobile pressings 
results in the formation of stretcher- 
strain markings or Liider’s bands, 
and sometimes causes serious loss 
of ductility. Efficient control of the 
phenomenon is difficult without a 
complete understanding of the 
mechanism of yielding and aging. 

The formation of the bands is 
associated with the yield point 
phenomenon in steels. The accepted 
theoretical explanation of this phe- 
nomenon, and the effects of cold 
(Continued on p. 160) 
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When stainless welds must be 


free of microcracks 


Job report courtesy of 
Grover Tank & Mfg. Co., Inc., East Chicago, Indiona 


STAINLESS ELECTRODES 


This 93,400-Ib. 3500 cu. ft. digester is installed at Finch, Pruyn 
and Company, Inc., manufacturers of printing and converting 
papers. It converts hardwood into paper pulp using highly cor- 
rosive acids at high temperatures, and pressures of 200 psig. The 
digester is made of Type 316 ELC 20% stainless clad on ASTM 
A-212 Grade B firebox steel. To assure sound, long-life corrosion- 
resistant welds, three grades of Arcos CHROMEND Electrodes 
were used. All welding was manual. The resultant welds were 
completely free of micro fissures or cracks—more proof why 
Arcos weld metal is used so widely to combat destructive and 
costly corrosion. Write for an Arcos Stainless Application Chart. 
ARCOS CORPORATION, 1500 South 50th Street, Phila. 43, Pa. 
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on the inside 


(mild steel on the outside) 


Zirconium liners are now available for a variety 
of basic processing components such as “T's”, columns, 
tanks and reaction vessels. These liners provide all the 
versatile corrosion-resistance and outstanding nuclear 
properties ot zirconium at surprisingly low cost Rapid 
advances in zirconium manufacturing and fabrication 
techniques offer greater savings for: 


THE NUCLEAR INDUSTRY 
Zirconium’s low neutron absorption and corrosion- 
resistance to coolants permits more economical fuel 
applications in almost every reactor design 

THE CHEMICAL PROCESSING 
INDUSTRY 

Dual resistance to corrosion. ..zirconium protects against 
either strong acids or caustics. Versatility means inter- 
changeability and longer lasting system components. 


Carborundum Metals’ fully integrated zirconium facilities and its close working relations with leading fabri- 
cators gives you one experienced source for every need in zirconium...from sponge metal to ready-for-service 
components. Firm quotations and delivery dates can be made immediately on commercial or nuclear grade 
sponge and ingot, and also on welded or seamless zirconium tubing, zirconium sheet, strip, bar, rod and foil. 


Write today for complete price schedules on all zirconium products. 
Address inquiries to Dept. 91-807. 


THE CARBORUNDUM METALS COMPANY, Akron, N.Y. 
Division of THE CARBORUNDUM COMPANY 


Production Pioneer of ZIRCONIUM 


DECEMBER 1958 


ion with nomy 
corrosion with eco 
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MEANS SUPERIOR PERFORMANCE IN 


FOR YOUR PRODUCT NEEDS TODAY 


composition 


Produced from molten metal of required analysis, 
each Vasco pre-alloyed powder particle has the composi- 
tion of the entire melt—each is a tiny alloy ingot. Any 
part made from our pre-alloyed metal powders has the 
same homogeneous properties as the identical analysis 
in bar or cast form, within density limitations . . . 
giving unequalled strength or corrosion resistance. 


range of analysis 


VASCO pre-alloyed metal powders can be produced in 
any analysis up to melting points of 3000°F ., including 
chrome-nickel stainless, chromium stainless, low alloy 
structural, nickel and silicon iron, hard facing alloys, 
nickel-copper and nickel-chromium iron alloys, special! 
corrosion and high temperature resistant alloys, and 
tool steels. 


availability 


Standard powders are available from stock, including 
Types 304 and 316 stainless, and Vasco 4630A (AISI 
4630) alloy steel. This basic nickel-moly analysis is 
also produced in other carbon contents from .10 to 
1.50%. Many special powders are also available from 
stock in limited quantities. Prompt deliveries of both 
standard and experimental powder quantities are made 
from our Latrobe, Pa. plant. Send us your inquiries. 


Vanadium- Alloys Steel Company 


LATROBE, PENNSYLVANIA 


Strain Aging . . . 


working and aging on it, is that 
developed by Cottrell, which is re- 
viewed in the paper. Two addi- 
tional suggestions are made to sup- 
plement this theory. The first is 
that enough carbon and _ nitrogen 
atoms may eventually accumulate 
at some dislocations to form minute 
precipitates. When the dislocations 
are torn away from these areas, the 
precipitates will give rise to excessive 
strain hardening. This would ac- 
count for the loss of ductility found 
at a late stage of aging. 

The second suggestion is that a 
suitable residual stress pattern with 
high tensile stresses in the surface 
layers of the sheet may suppress the 
formation of the markings. When an 
external stress is applied to such a 
sheet, the surface layers will reach 
the yield point first. They cannot 
yield, however, because of the con- 
straint imposed by the core which is 
still deforming elastically. Conse- 
quently, at no time can the full cross 
section of the sheet yield plastically, 
and this is an essential requirement 
for the formation of a strain marking. 

The present state of the produc- 
tion control is reviewed. Chemical 
control, that is, of the carbon and 
nitrogen in solution, is the first 
approach. The amount of carbon in 
solution can now be kept within 
satisfactory limit by careful box an- 
nealing, but this cannot be done for 
nitrogen. Adequate reduction of the 
nitrogen in solution can be achieved 
only by adding a strong nitride- 
forming element. 

When elements such as aluminum, 
titanium, zirconium and columbium 
are used for this purpose, a killed 
steel results. The final product is 
then expensive. Aluminum is com- 
monly used, but a problem then 
arises with the surface quality of 
the resulting sheet. Some success 
is being achieved in solving this 
problem. Treatment with vanadium 
and boron does not result in a killed 
steel, but the controlled addition of 
both elements presents problems. 

The second approach is in the 
control of the distribution of residual 
stresses. Detailed examination of 
the mechanical factors which give 
rise to suitable stress distributions 
has begun. Roll size, roll roughness 
and sheet grain size are important. 

L. E. Samvecs 
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The Buyers Guide 
For Metals Engineers 


OPTO-METRIC. TOOLS, inc 


>. 162 ON INFO-COUPON PAGE 171 


BARGAINS YOU CAN TRUST 
Priced to Save You 50% and More! 


ORDER BY STOCK NUMBER .. . Open Account or 
send check or money order. We quorantee complete 
satisfaction or money bock! 


Erect Image 
Low Power Microscope ——— Drawing Set 


5X, 10X, 20x Requiar Price $18.00 
Extemely sturdy with rack and Our Price Only $6.00 Pstpd. 
pinion focusing. color § corrected in vetvet-line@ case Micke! 
optics turntable microscope body « “ ‘ Set om 
for inclined viewing thre ait ‘ ‘ ‘ Somosse 
ferent powers, long working distance J nterchans 
under objectives, sufficient eye relief tor easy 
viewing. Made from war surplus opt cal instru- 
ment so that you actually get $8000 of value a 
Weighs 4 ths. 13° high. 10 DAY FREE TRIAL poo quarantee you will be satisfied or 
Accessory objectives available for powers of 15K meney retunded 
40K Stock No. 50.200-HA $6.00 Postpaid 
Quantity Price S Sets for 


$5.50 cach Postpaid 
Stock No. 70,172-HA $19.95 Postpaid 10 Sets for $5.00 cach Postpaid 
Send For 84 Page FREE CATALOG "HA 


Over 1.000 Optical ttems for industry, hobbyists. Cost- 
cutting aids. Quality contro! tools Astronomical Telescopes. 
Microscopes, Lenses, Prisms, ete. Ask for FREE CATALOG “HA” 


EDMUND SCIENTIFIC CO. Barrington, New Jersey 


LIST NO. 186 ON INFO-COUPON PAGE 171! 


*PAID FOR ITSELF QUICKLY 


Otis engineers report that the Acoustica 
DR400 Ultrasonic cleaning unit “paid for 
itself in the first six months operation... 
reduction of hand labor operations... 
resulted in a savings in the ultimate 
manufacturing costs.” 


Photographed at Otis Elevator Company, 
Electronic Division > 


The electronic chassis frames and sub-assem- 
blies are immersed and cleaned of excess 
solder and solder fiux in a fraction of the 
time previously required. 


Write for “Building Blocks for Industry" 


* LETTER OWN FiLe 


earoustic 
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The ideal gift for a metals man 
PESSTNG is a copy of ... 


MAN, METALS AND 
MODERN MAGIC 


An ASM book of interest to 
both the expert and the stu- 
dent. The exciting story of the 
progress of metals. What 


metals mean to man. 


$2.95 
Windsor Ave. + Minews, N.Y, Pleneer 7-790 


17 W. jetterson Bivé. « Culver City, ¢ Order your copy from ASM Headquarters 
in Cleveland. Postage paid. 


Vetal Progress 
AP 
/ 
It combines 
tests for Rock- 
well B and 
Brinell and 
Vickers in one ae 
chine with NEW 
load - selector 
and automatic 
‘ zeroing for dial rer 
| 
VARICK STREET, NEW YORK 13, 
UST 
A EQUIPMENTS 
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NON-DESTRUCTIVE 
COATING THICKNESS TESTER 


FAST... ACCURATE 
NON-DESTRUCTIVE 
DIRECT-READING 


Instantly measures the thickness 
of metallic and non-metallic coat- 
ings and films 

Based on eddy-current principles 
Enables measurements on small or 
otherwise inaccessible areas 


This portable instrument for both lab- 
oratory and production use, gives fast, 
accurate and direct readings of virtu- 
ally any coating on any base, including: 
® Metal coatings (such as plating) on 
metal base (magnetic and non- 
magnetic) 

Non-metallic coatings (such as 
paint, anodizing, hard-coat,ceramic) 
on metal base 

Metal films (such as vacuum met- 
alizing) on non-metallic base (plas- 
tics, ceramics) 


MEASURING PROBES ARE 
AVAILABLE IN THE THREE 
TYPES SHOWN BELOW 


NEW RIGHT-ANGLE 

PROBE model “RP” en- 

ables measurements in holes 
down to V2” |.D. 


STANDARD PROBE model “SP” 
enables measurements on con- 
vex surfaces down to Ve” ra- 
dius of curvature and on 
concave surfaces down to 

2” radius of curvature 


MODIFIED STANDARD 
PROBE model enables 
measurements on coricave 
surfaces down to 4” radius of 
curvature 


Each of the above probe types is 
available in 4 different thickness 
ranges—A, B, C and D, from thick to 
thin deposits. 

Write for latest bulletins and ques- 
tionnaire to help solve your thickness 


testing problems 


LIST N 39 ON INFO-COUPON PAGE I7I 


DICE 
does it better! 


THE CYCLOGRAPH, (Model C) 
... for unscrambling 


metal mixups 


This instrument permits truly 
high speed, non-destructive 
sorting of raw, semi-finished or 
finished parts by their metallur- 
gical characteristics. With the 
new Automatic Sorter Unit, 
speeds up to 300 pieces per 
minute are possible with the use 
of suitable feeding equipment. 
Used by leading industrial firms 
everywhere. 


J. W. DICE CO. 


“Non-destructive Testing and Measuring Instruments” 
Englewood 3 New Jersey 


In Canada: Non-Destructive Testing Corp., Ltd., Toronto 


Tensile and fatigue test specimens can be 
accurately machined from foll metals as light 
as .0005” or heavy .500* plate in less than two 
minutes. Machined edges are complete 
of cold working and the specime 
tions are duplicated within 

TensiikuT machines a wide 
including teel, 
copper titanium 
alley and all plastic materials 

Tensilkut table and floor mode 
able with motors from to 
our latest brochure 


Trade Mark Registered U.S. Patent Office 
Patents Pending United States & Canada. 


HARDNESS TESTING 
SHORE SCLEROSCOPE 


Pioneer American 
Standard Since 
1907 


Available in Model C-2 
(illustrated), or Model 
D dial indicating with 
equivalent Brinell & 
Rockwell C Hardness 
Numbers. May be used 
freehand or mounted on 


bench clamp. 


OVER 40,000 
IN USE 


SHORE INSTRUMENT & MFG. CO., INC. 


90-35M Von Wyck Exp., Jamaica 35, N.Y. 


LIST NO. 50 ON INFO-COUPON PAGE 171 


Metallizing Wires 


2795 East 83rd St., Cleveland 4, Ohio 


LIST NO. 187 ON INFO-COUPON PAGE 171 
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with Magnetic Analysis MULTI-FREQUENCY 
EQUIPMENT. An eddy current tester with six 
inspection methods operating simultaneously 
— for high-speed, non-destructive testing of 
non-ferrous and non-magnetic tubing, bars 
and wire from %” to 3” diameter. Detects 
both surface and sub-surface flaws, and 
variations in chemical, physical and metal- 
lurgical properties at speeds of 200 to 600 
ft./min. 


“THE TEST TELLS” — 
For Details Write: 


MAGNETIC ANALYSIS CORP. 


42-44 Twelfth St., Long Island City 1, N. Y. 
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EBURG AADESTRIES 
Grows coped 
LIST NO. 131 ON | UPON PACE 
4 
| 
be insped?... 
‘ 
Rigidly Specified 
for 
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Rapid, Accurate, 


VIDIGAGE 


14” or 21” Cathode-Ray Screen with 
direct-reading scales between 0.005” 
and 2.5”; accuracy 0.1% to 1.0%. 


ickness from. One Side 


Non-Destructive 


AUDIGAGE 


Portable Thickness Testers for ranges 
from 0.020” to 4” or 0.060” to 12” 
of steel; accuracy up to 1.0%. 


Detect Laminar Flaws and Lack of Bond 


BRA 


INSTRU 


ESTER 


* CLAMPS, JAWS & BASE PLATE ARE ELIMINATED 
® NO CONVERSIONS OR CALCULATIONS 

© TEST ANY SIZE, SHAPE OR TYPE METAL 

* NO SKILL REQUIRED 

* SCALE READINGS IN ROCKWELL & BRINELL 

© ACCURACY GUARANTEED 

Many thousands 


rue, wire or 


used by industry and government. 
all jor additional details and prices. 


NEWAGE INDUSTRIES, INC. 


222 York Road Jenkintown. vania 
Tlrner 48494 Dept. MP 


163 ON INFO-COUPON PAGE 


KENTRON 


st 


Applies 1 to 10,000 gram loads 
Write for Bu'letin 


Kent Cliff Laboratories Div. 
The Torsion Balance Company 
CLIFTON NEW JERSEY 
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NEW pocket-size 
THICKNESS GAUGE 


For flat or 
curved 
surfaces 


only 
$7 5,00 


Cleveland 


Measures Nonmagnetic 


«5% .0001” accuracy 


ELCOMETER measures thickness of 
porcelain enamel, paints, platings, 
foils, glass, paper, plastics, and other 
nonmagnetic coatings quickly and 
accurately. Gauges flat or curved 
surfaces and hard-to-get-at spots 
easily. Needle locking device assures 
correct reading every time. Complete 
with leather case containing inner 
pocket for test strips. Weighs only 
6 oz. Completely self-contained. 


WRITE FOR ILLUSTRATED FOLDER 


FERRO CORPORATION 


4155 East 56th Street 
Cleveland 5, Ohio 


LIST NO. 148 ON INFO-COUPON PAGE 171 


with 


MAGNETIC ANALYSIS. 


MULTI-METHOD EQUIPMENT 


Electronic equipment for non-destructive 
Production inspection of steel bars, wire 
rod, and tubing. Detects mechanical faults 
and variations in composition and physical 
properties. Average inspection speed — 120 
ft. per minute 


SPECIAL EQUIPMENT 


Electronic equipment for non-destructive 
production inspection of non-ferrous bars 
and tubing . 4S well as both non-magnetic 
stainiess and high temperature steel bars 
and tubing — seamless or welded. Mechanical 
fauits, variations in composition and physi- 
cal properties are detected simultaneously 
Average inspection speed — 200 ft. per 
minute 


WIRE ROPE EQUIPMENT 


Electronic equipment for inspecting ferro- 
magnetic wire ropes from 1/32” to 3” 
diameter. Detects broken, cross-over or 
missing wires, plus defective welds and 
deformations at production speeds up to 
several hundred feet per minute. 


COMPARATORS AND METAL TESTERS 


Electronic instruments for production sorting 
of both ferrous and non-ferrous materials 
and parts for variation in composition, 
structure and thickness of sheet and 
plating. 


DEMAGNETIZERS 


Electrical equipment for rapid and efficient 
demagnetizing of steel bars and tubing. 
When used with Magnetic Analysis Multi- 
Method Equipment, inspection and demag- 
netizing can be done in a single operation. 


MAGNETISM DETECTORS 


Inexpensive pocket meters for indicating 
residual magnetism in ferrous materials 


- and parts. 


| De agnetizing 
: Problems 
: 
: 
Ultrasonics 
S. INC. | Since 1946 
‘ LIST N N INF PON PAGE 171 
FP 
os JUST PRESS 
/ 
| 
ANYWHER 
with THE 4 
NEWAGE 
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* 
1 St., Long Island City 1, Y. 
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GOOD USED EQUIPMENT AT 


HEAT-TREATING 
BASKETS 


All shapes, sizes, alloys. 


without obligation. 


AL SAVINGS TO YOU! JELLIFF | 


THE c. oO. 


JELLIFF 
2—Like-new roller hearth furnaces! 

MANUFACTURING CORP. 
SOUTHPORT, CONNECTICUT 


Surface Combustion recirculating ovens 


for tempering or aluminum treating. 
Inside work dimensions: 49 in. wide x LIST NO. 91 ON INFO-COUPON PAGE 171 


17% ft. long x 26 in. high. 


Gas-fired for 1200° F. Complete with 4 

mechanism, two recirculating fans with F 


pressor, safety equipment, and Brown 


Electronik strip chart recorders. cuts treating time 50% oe 
1—Same as above except 45 ft. long. lowers labor costs 66% * SCREENS 


A well knewn foundry custome substi Le neone 

k iers for their pit e TRAYs 
a Way to save hundreds 


itenanes and replacements e FIXTures 


WIRETEX engineered baskets can do the same for you-—it'll pay abrasion, heat, 


EQUIPME N 5 pecia ists in proces. ng corriers since ‘anda d 

NT EXCHA 5 Mason St., meds in ery 
REELEY Wiretex Bridgeport 5, Conn. and 


*Actual case history story, photos and WIRETEX catalog, free for asking. Write today! 


LIST NO. 142 ON INFO-COUPON PAGE !71 LIST NO. 114 ON INFO-COUPON PAGE !7! 


Martin P. eonan R. Breck Steele 
6253 Bivd. 254 West Bist Street 
Los rr 28. Calif. New York 1. Now York 


Inc 


Co. University Bidg 
100 Grape St. Syracuse 2. WY 
Seaver 16, Colo. 


Richard Lind 
583 Wolcott an ‘na. 
Wethersfield, Con 


Logan J. Swinehart 
St. Louis Ave. 

Rockford, tilinois 

William Atee 

626 WN. St. 

Indianapolis 1, 


Marry Dix 

Metatiurgical Products Co. 
an ieacon St 
46, Mass. 

Cari H. Schmidt Co. 
16405 W. 8 Mile Rd. 
Detroit 35, Mich. 

A. Gustats 

Griese dway Bidg. 
Fairview at University 
St. Paul 4, Minnesota 
J. Kelvin Stani 

716 River Road 
Trenton 8, New Jersey 


STANWOOD 


4817 W. CORTLAND STREET 


Gnarios Piant and 
Warren Lu 

al 
8905 Lake Avenue 
Cleveland 2. Ohio 


8. Abel 
5213 Celia Place 
Pittsburgh 24. Pa 


Eugene Craig 

Craig indust. Equipt. Co. 
1101 Popiar Avenue 
Memphis 4. Tennessee 


Griggs Co., tnc 
322 West Jefferson 
Dallas. Texas 


Origes Co., Inc. 
a 


Milwaukee 9, Wisconsin 


CORPORATION 


LIST NO. 12 ON INFO-COUPON PAGE 171 
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>| 
at Treating Equipm: 
les Enginee 
| Houston 4. Texas 
== Robert M. Onan Co. 
5138 North 35th St 
|_| 


ALLOY enoneereo 


RETORTS & BASKETS 


Engineering answers and 
highest quality manufacturing . .. 


developed by years of pte 
alloy specialization. 


Designers... Engineers... 
Fabricators. ..Call Alloy for 
quick service on all your 
heat treating requirements. 


LLOY 


ENGINEERING CO. 


Tne 74 SHELDON ROAD 
US Potente 200/04 BEREA, OHIO 


LIST N 44 N INI N PA 


PRODUCED AND PRICED RIGHT 
FOR YOUR ELECTRIC FURNACE NEEDS armo-cars” 


MODEL MHE-458 


Complete with 
Carburizing Atmosphere 
PRICE PRICE Generator and 
(300° te Automatic 


Control 


1449" $90.00 
P79 6° x6" x9" 05.00 225.00 
18" 80 00 528.00 


P44 Teil w 525.00 603.25 
Pi24 127x24" 25 \< rae 
Pais 775.00 7.50 

P136 $1125.00 $1312.50 ke 


Automatic Controls Available on all Models 


Infinite zone tempera- 
ture control 


Zone temperature § indi- 
cation by Pyrometer 
Selector Switch 


Automatic hold and cut- 
off instrument available $1325.00 


© Patented element holders Other Sizes and 
infinite variety of time- LB. Arrangements Available 
temperature curves ob- 


tainable = 
Rugged construction MANUFACTURING co. 
Chester 77, Pa. 


quencies 


steels can often replace alloy steels when 


quenched in Beacon 
Quenching Oils with 
QUENZINE added. 
For information on 


this new additive and 
other Beacon Brand 
Heat Treating Com- Switch to scheduled pot maintenance with 


pounds write t0.++ | Jow-cost pressed-stcel pots for lead, salt, 
cyanide, oil-tempering, metal-melting. 
Can't turn suddenly defective, because 
no faulty stcel survives drawing. Request 
catalog from Eclipse Fuel Enginecring 


uchanan St., Rockford, Ill. 
ALDRIDGE Co., 1127 Buch St., Rockf 
INDUSTRIAL OILS, Inc. 


3401 W. 140th Cleveland 11, Ohie 


: INDUSTRIAL 
: COMBUSTION 
DIVISION 


LIST NO. 176 ON INFO-COUPON PAGE 17! 
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NEW 
CHROMALOX 
STUD 

HEATERS 


for 


shrink- 


tightening 


large studs 
and bolts 


With Chromalox Electric 
Heaters, can 
easily and accurately 
shrink-fit bolts on steam 


pressure vessels, large 


presses, motors, turbines 


wherever maximum 
tightness is desirable 


1. Choose stud heater 
of wattage required 
to produce desired 
stud expansion 


2. Drill largest possible 
hole in stud 

3. Insert heater into 
hole . . . energize 
heater. 


4+. When maximum ex- 
pansion is attained, 
draw down bolt 


5. De-energize and re- 
move heaters. Cooling 


and contraction draws 
down to desired tightness. 


FREE! Send for new Bulletin 
L-1244. Contains detailed 
product description, illustra- 
tions of how to use, and table 
of Chromalox Stud Heater 
sizes, ratings and prices. 


2626 


CHROMALOX 
Hteat- 


NOUSTRIAL COMMERCIAL RESHOENTIAL 


EDWIN L.WIEGAND COMPANY 
7758 THOMAS BLVD... PITTSBURGH 6. PA 
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ACID HEATING Nocordal (im- 
pervious Graphite), Lead and Alloy 
Heat Exchange Units. Immersion and 
External Types 


STEAM JET AGITATORS 

For Heating and Agitating Acid Solu- 
tions. Special Lead Alloy and Solid 
Impervious Graphite. 


TANKS Pickling, Plating, Anodizing, 
Storage. Sheet Linings, Coatings, Steel 
and Alloy Construction. 


VENTILATING EQUIPMENT 
Hoods, Fans, Ducts, Stacks. Scrubbers 
for Collecting and'Removing Corrosive 
Fumes. Solid Plastic Lined Steel. 


Also Baskets—Crates—Hairpin Hooks 


Write for fully descriptive Bulletins 


CORPORATION 
1290) ELMWOOD AVENUE @ CLEVELAND 11, OHIO 


Pre-testing of Unit 
One-Year Warranty 
Maximum Safety 

Labor and Space Savings 


Greater Margin of Profit 

= working operations such as forging, rolling, annealing, extrusion, 
— and others. 
PITTSBURGH INDUCTION HEATING 
SS COMPANY INCORPORATED 


Consult ao PIH Engi for plete information on a wide range 
> of applications for optimum heating of all metals for numerous metal 

Write for detailed brochure with frequency chart 

615 Washington Road, Pittsburgh 28, Pa. 


Phone LO. 3-6020 


Glg-QUARTZ 


IMMERSION 
HEATER 
gor 
Your Every 
Heating Requirement 
_ @ INSTANT HEATING 
_ SHOCK-PROOF 


© AVAILABLE IN ALL VOLTAGES 
—WATTAGES, 
ONE AND THREE PHASE 


Available from your Wi 
Electroplating Distributor on 


WRITE FOR BULLETIN > 


Gle-QUARTL 


ELECTRIC HEATER CO., INC., Willoughby, Ohio 
*Reg. U.S. Pat Off Phone Willoughby 2-552) 
LIST NO. 145 ON INFO-COUPON PAGE 17! 


COMING IN 
JANUARY 

TO MEET THE NEEDS 


OF METALS ENGINEERS 
AROUND THE WORLD 


THE “INTERNATIONAL” 


LIST NO. 181 ON INFO-COUPON PAGE 171 


ISSUE OF METAL PROGRESS 


HEAT TREAT 


These Job-Tested and Proved Designs Incorporate: 
@ SPECIAL LOOPED WIRE @ NON-WELDED SUPPORT RODS 
@ NON-WELDED FRAMING @ FLOATING INNER FRAMES 


First and Only Baskets with All These Features 


WRITE for NEW 1959 CATALOG 
with BIX COMPANY'S COMPLETE 
LINE of BASKETS and FIXTURES 


pending 


COMPANY Fairgrounds Rd., Wellington, Ohio 


AN ENGINEERING FIRST IN BASKET FABRICATION 


Baskets 
that 
Breathe" 


LIST NO, 185 ON INFO-COUPON PAGE 171! 
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: 
| 
My 
LININGS - TANKS at! ' 
HEATERS 
| LIST NO. 187 ON INFO-COUPON PAGE 17! 
VERY PITTSBURGH INDUCTION 
EATING FORWACE insiallation is 
acked by these ou! standing features: 
¥ CONSTRUCTION 
’ 
“The 


-—-- 


SURPLUS FURNACES FOR SALE 


ATMOSPHERE GENERATORS BOX TYPE RECIRCULATING 
250 to 15,000 CFH Exo and Endo 6'x12'x42" ~— Lindberg Gas 
66"x16'x76" Lindberg 
TYPE 60"x10'x42"” Lindberg 1BOKW 
42”x16'x30" Lindberg 120KW 
merican 
Surface BOX & CONVEYOR OVENS 
Surfece 6'x30'x18" Mich Oven Conv |150KW 
6'x30'x18” Mich Oven Cony 
PIT TYPE 5'x16'x12” Mich Oven Conv |50KW 
E 2'x2'x4’ Rockwell Box 
7'x7'x7' Young Bros Box Gas 
19%x19"%x19" Despatch Box 
BRAZING TYPE 
Lindberg Pshr 


1250°F 
1250°F 
24x36x18 1280°F 
48x84x24 
24x36x14 
54x96x24 


50KW 
10OKW 
Gas 
Gas 


2000° F 
1850°F 
1850°F 
1850°F 


20x22 
48x60 


48KW 1200°F 
9OKW 1250°F 
48x96 Surface Gas 1250°F 


48x96 Lee Wilson Rad. Tube |850°F 


CONVEYOR TYPE RECIRCULATING 
72x40'x30 Surface RirHirth Gas 1250°F 18%x42"x10" Westinghouse I’shr 
27x15'x12 R&S MshBit Gas 1250°F 62%x18'x24" GE RirHrth 


SEND FOR COMPLETE LIST 


THE JOE MARTIN CO., INC. 


19256 John R. St. TWinbrook 2-5500 Detroit 3, Mich. 


Lindberg 


60KW 
5OKW 


655KW 


PLUS FURNACES 


WE PAY CASH FOR SURPLUS INDUSTRIAL FURNACES 
AND RELATED APPARATUS 


LIST NO, 160 ON INFO.COUPON PAGE !7! 


PACIFIC FURNACES ARE ENGINEERED 
FROM THE INSIDE OUT 


Pictured is a Pacific Air Draw Furnace 
currently drawing and tempering 3000 Ib. 
of pearlitic malleable iron castings per hour 
at a leading foundry. This Pacific engineered 
furnace features hydraulic pushers, three- 
zone automatic cycling, and automatic un- 
loading at the completion of the operation. 
it operates at 1400° F. 


=< 
rel 
~” 
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Pacific ENGINEERS ... 
SERVICES 
equipment. 


FOR COMPLETE 
INFORMATION 
ON OUR SERVICES j ACE CO. 


— WRITE OR CALL 24680 Telegraph Road, Detroit 41, Michigan 
Phone: Kenwood 7-4250 


BUILDS.... 
all types of industrial heating 


HLVE 


The features listed below ore but a 
few of the in-built advantages of the 
LUCIFER 2055 SERIES. 

* Eliminates atmospheric problems 


LIST NO. 173 ON INFO-C (oxidation, scaling and 
decarburization) 

* Ropid constant heat 

* Choice of 10 models 

* Heat ranges to 1,700° F. 

* All controls included 
(automatic indicating controller, 


selector switch with two thermocouples) 


AMMONIA 
DISSOCIATORS 


Drever 3000 CFH Units 
60 KW, 3-phase, each with Brown 


don't 
hide it : 
under a BUSHEL... 


* Quick easy installation 

* Low initial cost . . . low upkeep 
* Top production performance 

with unskilled labor 

* Minimum replocement down-time 
Lucifer Furnaces, Inc., manufactures 


- + « if you have an idea in which you figure 
an aluminum extrusion will best solve a manu- 
facturing problem involving a functional metal 
parts application. G.E.1.'s highly skilled engi- 
neering staff is eager and ready to discuss 
your idea with you, at no obligation, on one 
part or a million, to determine if your theory 
can be put to practical use. G.E.1.’s engineers 
specialize in adapting extruded aluminum to 
new functional roles —helping customers make 
extruded aluminum save time and money. G.E.!. 
is equipped to handle all aluminum processing 
services, including extruding, fabrication, ano- 
dizing, machining, etc. 


1500-33PS-21 and 105-C4PS-13, 


plus transformers and contactor. 


Weight, 3000 Ib. Operating tem- 
perature, 1750° F. Practically new. 


many standard electric heat 
treating furnaces and mointains 
a design department to create 
special units. For engineering 


Also other used units such as: assistance, parts or product 


GENERAL EXTRUSIONS, INC. 
4040 Lake Park Road STerling 8-9681 
YOUNGSTOWN, OnIO 
Missour: S$ Representative 
Frank May Co, 4378 Lindell Bivd., St. Louis 8, Mo 
Michigan Representative 
Howard 8 Jones, 15842 Kentfield Ave, Detroit 23, Mich 
Southern Representative 
Jack Widman, 1382 Popler Ave, Mempnis, Tenn. 

W. C. Jones Distributing Co. 4450 Kuyler Rd. 
Cincinnati, 
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* Nitriding, Tempering 

* Rotary Carburizing Units 
* Salt Both Units 

* plus other items 


The W. H. Kay Co. 


4040 Moyfield Rd. 


Cleveland 21, Ohio 
Phone, EVergreen 1-3440 


LIST 


NO. 188 ON INFO-COUPON PAGE 


information write or call. . . 


LUCIFER FURNACES, INC. 
Neshominy 7, Pennsylvania 
Diamond 3-0411 


so FURNACES 


LIST NO, 122 ON INFO-COUPON PAGE 17! 
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PRECIOUS 
METALS 

FOR 

INDUSTRIAL 
PLATING 


BRIGHT GOLD 
Mirror-bright finish in any thickness 
directly from the bath. Patented 


PUR-A-SALTS 


Restores contaminated cyanide plat- 
ing baths to full, trouble-free 
operation. Patented 


SILVREX BRIGHT SILVER 


Crystal-clear solution that produces 
mirror-bright deposits. Patented 


SILVER SOL-U-SALT 


Non-dusting — safest and easiest 
to use. 


BRIGHT RHODIUM 


Brilliant, fine-grained non-tarnishing 
deposits. 


RHODEX 
Only rhodium electroplating process 
that yields extra heavy compressively 
stressed deposits. Patent Pending 


ACID GOLD PLATING PROCESS 
Developed specifically for plating 
printed circuits. Mildly acid so that 
neither the laminate nor the adhesive 
at the inter-face of printed circuit 
boards are affected during the plat- 
ing process. 


Cc 1 i i and servicing 
on all precious metals processes. 


SEL-REX 
CORPORATION 


Dept. BB, Nutley 10, New Jersey 
Offices: Detroit, Chicago, Los Angeles 


LIST NO. 108 ON INFO-COUPON PAGE 171 


specifications. 


28 Years Of Specialized Experience 


In production of high speed tool and alloy steel! 


flat die forgings. 


Ample Stocks Of Steel Always On Hand 


Expert High Speed Steel Blacksmiths 


Call or write for free cost quotation on you 


b- forging requirements 


FAST NATION-WIDE SERVICE 
YOUR STEEL OR OURS 


Complete Source For Forged Products Up To 40007 


Rings, discs, spindles, bars or special shopes to your 


1209 MARQUETTE ROAD + HENDERSON 1-0320. CLEVELAND, OHIO 


LIST NO. 159? ON INFO-COUPON PAGE |7! 


WRITE FOR 


GRAPHITE 


INFORMATION 


CUSTOM MACHINED PARTS FOR 
SEMICONDUCTOR PROCESSING 


Your custom requirements are ovailable 


. matchlessly machined . . . high purity 
graphite for all phases of semiconductor 
processing: reduction and refining boots— 
crystal-pulling heaters and devices—fusion 
jigs and components. 


PRODUCTS FOR SPECIAL 
METALLURGICAL APPLICATIONS 


Complete range of stock sizes in rods, 
blocks and tubing available. Also, your 
custom requirements of specially machined 
articles can be promptly produced. 


PREFORMED SHAPES FOR 
JS VACUUM FUSION ANALYSIS 


Matched crucible and funnel combinations 
powder ond chips. . . all available 


from stock for immediate shipment. 


JS SPECTROGRAPHIC ELECTRODES 


Recognized as the standard of the world, 
United's rods, powders and wide range 
of preformed electrodes are ovoilable 
in the right sizes and designs for your 
spectrographic work. 


we Direct To: 


NITE D 


LIST NO. 177 ON INFO-COUPON PAGE 171 


Plan now to attend the I Ith 
Western Metal Congress and 


Exposition in Los Angeles, 


California, March 16-20. 


Look ahead . . . you'll want 
to participate in this regular 
Metal Show that has the 
metal industry's stamp of 
approval .. . always success- 
ful for the exhibitor! Plan to 


take part . . . don't wait! 


Floor plans and descriptive 
literature can be obtained 
by writing to ASM Head- 
quarters in Cleveland. 


7301 Euclid Avenue. 
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Need Help Designing That Aluminum Extrusion? 


TEAM UP 44 
with JARL 


THERE'S A 
WORLD OF 
DIFFERENCE 


| 


Lhe diflerence starts the moment you meet 
the Jarl salesman. He's an engineer 
well qualihed to make on-the-spot rec 
ommendations in designs. Team up with 
Jarl and you ll get the right shapes made 
to) omost exacung design specications 
You Il be sure of close die control 
quality safeguards every step on-time 
deliveries. Send for our stock die catalog 
or send rough sketches for assistance with 
sour design 


ANODIZING 
EXTRUSIONS, INC. 
Dept. MP, Linden Ave. + East Rochester, N. Y 


LIST N 65 ON INFO COUPON PAGE 171 


GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


THE HOOVER COMPANY 
Die Castings Division 
North Canton, Ohio 

in Conada— Hamilton, Ontario 


LIST NO. 74 ON INF OUPON PAGE 17 


ROUND, SQUARE, FLAT AND 
HALF-ROUND WIRE FOR MASS 


PRODUCTION OF SMALL PARTS 
Beryllium Copper  Bronzes 
Other Non-ferrous Alloys 
Rounded or square edges. 
Available with hot-tinned 
finish for solderability. 

Write for descriptive folder. 


UTTLE FALLS. ALLOYS 


193 Caldwell Ave., Paterson 1, N. J. 


LIST NO. 66 ON INFO-COUPON PAGE 171 
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“3 
an improvement 
by TECHNIC 
Technic developed this superior 
Rhodium concentrate to meet 


today’s electroplating specifi- 
cations with — 


*K Lower Stress 
* Higher Purity 
*K Finer Grain 


Testing is easy because of high 
compatibility with existing Rhod- 
ium baths. Ask for complete data 
on characteristics and applications. 
When you adopt Technic solu- 
tions or methods, our technical 
staff is yours until optimum per- 
formance is assured. Write or 
phone today. 


TECHNIC,INC. 


39 Snow Strect imc 

Providence, R. I. 

JAckson 1-4200 
Chicago Office 


7001 North Clark St. 
355-8 


OF 


THE LARGEST ENTERPRISE OF ITS HIND IN THE WORLE 


LIST NO. 190 


N INFO-CC 


Whiteligine 
MAGNESIU 


your RODS |.” dia. to 6s,” dia. 

hen BARG, STRIPS 022" min. to 7*,” max 
SOLID SHAPES 027" min. to 
independent 


mill source 
of magnesium 
alloy PLA 


cwcle 
TUBING 0.0. te 0.0. 
HOLLOW SHAPES |,“ to6:.” circle 
& SHEET 092" to 3° thick 


ALLOYS 
AZI0 


HITE METAL 
ROLLING « STAMPING corp. 


82 Moultrie Street, Brooklyn 22, N.Y. 
Factories: Brooklyn, N.Y. . Worsow, Ind. 
LIST N 72 ON INFO-COUPON PAGE !71 


How Rol! Coater 


6 


SavED MONEY 
PROVED 


PROBLEM: 


Stello Products Company, Logansport, In- 


hoense and 
plates, had the problem of ex 


diana, manulacturer of tags 
“booster 
cessive direct Labor charges. In the previous 
ENPCHsive method of making these items, 
plates had to be stamped from bare metal 
—and then cleaned individually—and 
spray painted on both sides. This method 
did not give the uniform quality de- 
and Stello turned to Roll Coater 
for a solution 


manded 


SOLUTION: 


Roll coated metal was tested by Stello 
Products Company, Pre-painted and baked 
on both sides, this metal eliminated en- 
tively the cleaning and spray painting op 
crations —withstood rigorous stamping 
tesis—and relieved painting facilities for 
other jobs. Says J. C. Cotner, president of 
Stello Products Company, “Roll Coater 
metal is now saving us approximately 50° 
in direct Labor costs—and is giving us the 
desired uniform quality in our plate pro- 
duction, It really solves our problem.” 


SEND FOR FREE BROCHURE and 
SAMPLE TODAY! 


é : 
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— ORDER YOUR COPIES 
the GRIES ie OF THE FIRST AND 


MICRO-REFLEX | | \ SECOND SUPPLEMENTS 
HARDNESS TESTER : oe TO THE ASM 


Loads: 10 to 3000 gram 


with CARL ZEISS Optical System ‘ oe METALS HANDBOOK 


Measurement: to 0.0001 = 
mm... . Observations on 


Ground Glass . . . Projec- é \ we TODAY | 
Many Unique, Very Im- | ’ 

portant Features. 


INVESTIGATE! 
Write for Bulleti 
= Metals and Applications 


— A PROVEN 
GRIES INDUSTRIES, INC. DEPENDABLE SOURCE 


Testing, Machines: Division FOR BETTER GRADE INVESTMENT Processing and Fabrication 
NEW ROCHELLE 3)N.Y CASTINGS IN FERROUS AND Testi di ti 
LIST NO. 135 ON INFO-COUPON PAGE 171 NON-FERROUS METALS 


Special Feature The supplements make a 
METAL PARTS 0; qe worthy addition to your 
CLEANING*D technical library and contain 


Design and Application 


maximum 


PROBLEMS STAINLESS STEEL PART for milk practical, authoritative in- 
li it formerly machined . 
Sey formation. Easy to use, these 


Get the answers RIGHT Only finish oper- a volumes put all metal facts 


ations required 


from RAMCO’S | ore reaming small at your finger tips. 

dia. of counter- 
new BULLETIN! bored hole and 


See how Ramco 2- and 

ASM Members—$4.00 
parts cleaning prob- 
lems, economically, 


| 

ae 

| 1955 Supplement—$6.00. 
| 


AMCO EQUIPMENT CoRP. | NVIL de, ASM Members—$4.00 


Order direct from ASM Headquarters 
LIST NO. 128 ON INFO-COUPON PAGE 171 LIST NO. 4 ON INFO.-C . in Cleveland. 7301 Euclid Avenue. 


Whitey says: “It takes a genius to count 

the cost beforehand—especially if he's only 

half familiar with his tools (but then he’s 

no genius)... You can’t guarantee a rod 

to weld any predetermined length of stain- 

less without knowing the operator's tech- 

nique, the type of joint, the fit--but, by 

knowing the make and quality of the rod 

you can be a bit psychic in your estimate.” 

are Place a trusted guarantee back of your 
welding operations 

Stainless and Heat Resistant Arc Welding 

hg, Electrodes of all analyses . . . coated, 

2 


i straightened ... cut... coiled and spooled. 


wr 


MAURATH INC 21830 Miles Avenue North Randall 22, Ohio 


LIST NO. 72 ON INFO-COUPON PAGE 171 
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WRITE, WIRE or PHONE 


CATALOG 
STAINLESS 


FOR LIFETIME 
ACCURACY... 


eer 
clean—bright—ehiny heads 


Sran scacw co. A MOREHOUSE 
647 Union Bivd., Paoterson2,N. J. PROVING RING 


U = Telephone: CLifford 6-2300 
mee Direct N.Y. ‘phone Wisconsin 7-904! 
Di t Phila. ‘phone WAI nut 5-3660 
In industry's showcese, occurecy 
JPON BELOW meons top quolity .. . occurecy in 
both equipment and product. 
Accurate force mecosuring ond 


weighing equipment brings a top price 
in the industrial market and you who 
use this equipment poy the price will- 
ingly, becouse you heve built your 
business on occuracy. 

BU oe thot Le 

H ; H precision lood cells, weighing scoles, 
This technical newsletter is dynamometers, testing mochines .. . 
filled with case history reports all your force measuring equipment 
of successful uses of MOLY- is todey es it wos 

TEKH when you first ught it 
KOTE Lubricants in cold tele cammive Guy 
forming operations. A_ chart yourself the best insurance cvailable 
shows the metal being formed « MOREHOUSE PROVING RINGS, 
and the type of MOLYKOTE certified by the Nationa! Bureau of 


used together with the proper 
method of application. 

Send for this MOLYKOTE 
NEWSLETTER today. (Refer 
Reduce your assembly problems and costs. to Bulletin 304). NEW “A-B-C” BOOKLET 
Our shapes continuously formed, with high AVAILABLE 
degree of accuracy, from ferrous or non- The most practical hand- 
ferrous metals. Write for Catalog No. 1053. 4 book on force measuring 
system accuracy available 
today is yours for the ask- 
ing. Write for it right away 


3761 OAKWOOD AVE. + YOUNGSTOWN, 


233 W. Market Street « York, Pa. 


QOUPON BELOW 


UST- L| C READERS’ INFO-COUPON SERVICE, METAL PROGRESS 
IN 7301 Euclid Avenue, Cleveland 3, Ohio 
AQUEOUS SYSTEMS 


Please send further information, as checked at the right, on the advertisements in the 
Bulletin Board with numbers | have listed below— 
(Please check) 
Eliminates RUST 
& Send Catalog Neorest 


or Engineer- i Source of 
ing Data Supply 


Fire Hazards — 
Non-Flammable 
Non-Toxic 


Send for Brochure: 
The ABC of Rust-Lick 
for Rust Prevention Your Name 


Board Item Number) 


Company 


Street 
BOSTON 16, MASS 


LIST NO. 105 ON INFO.COUPON TO RIGHT 
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THE ANNEALING OF LOW CARBON STEEL 


This volume contains the outstanding papers pre- 
sented at the first international symposium on the 
annealing of low carbon steel held at Case Institute 
of Technology in Cleveland, 1957. Eleven chapters 
contain authoritative insight to recent develop- 
ments in this subject from Russia, Germany, 
England, Wales, Canada and the United States. 
The book is published by the Lee Wilson Engineering 
Company, Inc., and edited by Case Institute of 
Technology. 138 pages, 8'2 x 11, illustrated, blue 
cloth cover, $7.50. 


MAN, METALS AND MODERN MAGIC 

This is the story of what metals did to man. It 
reveals to a sputnik-conscious public the romantic 
and enchanting discoveries that ushered in today’s 
era of exciting living through better metals. The 
conversational, sometimes humorous, but always 
factual format whisks away the reader to 6000 
B.C. and then, as if on a metal magic carpet, 
propels him through the centuries until today’s 
metallurgical “stumpers” are surveyed. This is a 
book you will enjoy reading, a book that will 
entertain and inform you. 235 pages, 5'2 x 7%, 
illustrated, red cloth cover, by Dr. J. Gordon Parr, 
$2.95. 


THREE NEW BOOKS FROM THE 1958 
SOUTHWEST METAL CONGRESS 


As a result of the widespread interest and attend- 
ance ot the programs presented at the first South- 
west Metal Congress, the engineering papers of- 
fered have been assembled in book form. Divided 
into three authoritative books, these papers bring 
an outstanding value at a very economical price. 
They are available individually or additional sav- 
ings can be made by purchasing all three. Titles 
are: High Strength Steels for Aircraft (8 papers, 
82 x 11, illustrated, paper bound, 82 pages, 
$2.95), Sheet Materials for High Temperature 
Service (6 papers, 82 x 11, illustrated, paper 
bound, 74 pages, $2.95), New Fabrication Tech- 
niques (8 papers, 8'2 x 11, illustrated, 74 pages, 
paper bound, $2.95). All three: $8.00. 


ORDER YOUR 


American Society for Metals 

Technical and Engineering Books, Dept. PB 

7301 Euclid Avenue 

Cleveland 3, Ohio 

PLEASE SEND: 

copy(s) of Annealing of Low Carbon Steel @ $7.50 ea. 
—.copy(s) of Man, Metals and Modern Magic @ $2.95 ea. 
__.copy(s) of High Strength Steels for Aircraft @ $2.95 ea. 


—copy(s) of Sheet Moterials for High Temperature Service @ 
$2.95 ea. 


—___copy(s) of New Fabrication Techniques @ $2.95 ea. 
—____set(s) of the Southwest Metal Show Books (3) at $8.00 per set. 


NEW BOOKS FROM ASM FOR REFERENCE AND STUDY 


METALS FOR SUPERSONIC 
AIRCRAFT AND MISSILES 


This important new book is the most complete 
collection of scientific and engineering information 
of what happens to metals in air vehicles and 
missiles during high-speed flight. The volume is 
based on the 1957 Albuquerque Conference on 
Heat Tolerant Metals for Aerodynamic Applications 
sponsored by the American Society for Metals 
and the University of New Mexico. It is a book for 
designers, metallurgists, and specialists in aero- 
dynamics, ceramics and cermets, electronics, heat 
flow, high temperature properties, lubrication, ma- 
terial procurement, mechanical structures, thermo- 
dynamics, protective metallic coatings and vibra- 
tions. 432 pages, 6 x 9, illustrated, red cloth cover, 
$7.50. 


THE METAL MOLYBDENUM 


Authoritative information on this exciting metal 
is contained in ASM’s new book edited from 
papers presented in a recent symposium sponsored 
by the Office of Naval Research and the American 
Society for Metals on the technology of molyb- 
denum and its alloys. The most comprehensive 
publication on the subject, its topics cover the 
potential of molybdenum, its properties, powder 
metallurgy, melting, working, fabrication, joining, 
coating and protection against oxidation. 696 
pages, 6 x 9, illustrated, red cloth cover, $12.50. 


CREEP AND RECOVERY 


COPI 


c 


This book deals authoritatively with an interesting 
and fascinating aspect of metals—changes in dimen- 
sion under stress and removal of residual stress. 
Metallurgists, Engineers, Designers, solid state Physi- 
cists, and Chemists will find this assembly of the 
most recent experiments and thoughts on recovery 
and creep to be invaluable. These masterful papers, 
extremely well-supplemented with graphs, tables, 
charts, and photomicrographs, speak with author- 
ity in fourteen different areas of the subject 
matter. 372 pages, 6 x 9, illustrated, red cloth 
cover, $7.50. 


ES TODAY 


opy(s) of Metals for Supersonic Aircraft and Missiles @ 
$7.50 eo. 


copy(s) of The Metal Molybdenum @ $12.50 ea. 


—__copy(s) of Creep and Recovery @ $7.50 eo. 


Enclosed: Bill me ) Bill my company ( ) 
Street 

City ... Zone State 
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Metallurgy in 


Digest of several talks pre- 
sented at the S.A.E. National 
Aeronautical Meeting in Los 
Angeles, Sept. 29 through Oct. 
4, 1958. 


Tin SPACE AGE challenge to the 
metallurgist was evident during the 
National Aeronautical Meeting of the 
Society of Automotive Engineers, 
Inc., held in Los Angeles during the 
week of Sept. 29. Constantly rising 
aircraft and missile speeds con- 
tinually make better materials nec- 
Air friction at the 
sonic speeds now common results in 
heat problems never encountered 
No longer are the light 
metals satisfactory. 

Aluminum and magnesium alloys 


essary. super- 


before. 


cannot withstand aerodynamic heat- 
ing of bodies undergoing supersonic 
flight within the earth’s atmosphere. 
Other materials possessing higher 
moduli, greater strength and thermal 
Higher den- 


sities of most of these materials pose 


stability are needed. 


major design problems because 
strength-weight ratios are of greater 
Fur- 
thermore, it looks as if from 40 to 
80% of flight structures will require 
such materials. 

The metallurgist is asked to pro- 
vide newer with 


tolerances and thinner gages. 


importance than ever before. 


closer 
Sheet 
materials are needed in widths from 
18 to 120 in., with lengths from 240 
to 360 in., and thicknesses ranging 
from 0.005 to 0.110 in. Tolerances 
are asked to be one half the present 
A.LS.I1. standards to permit optimum 
weight savings and improve fabrica- 
tion procedures. 


materials 


Honeycomb structures require 
materials from 0.001 to 0.005. in. 
thick and to plus tolerances not ex- 
ceeding 0.0005 in. Furthermore, all 
processing techniques require metal- 
lurgical counsel and guidance. Con- 
tinued development of brazing alloys 
is a must. 


Forming 


Many materials possessing desir- 
able strength-weight advantages at 
elevated temperature are difficult to 
form at room and even slightly ele- 
vated temperatures. As an example, 
A. Binsacca, Northrop Div.., 


DECEMBER 1958 


the Space Age 


Northrop Aircraft, Inc., mentioned 
that HK 31 magnesium alloy in the 
H 24 strain hardened temper re- 
quired hot working at 650° F. for 
extensive forming and close dimen- 
sional tolerances. Speaking of the 
titanium alloys, he stated, “The 
alpha types possess good strength, 
stable toughness and are weldable 
but difficult to form. The older beta 
types provide best strength and 
formability, but not long-time high- 
temperature stability. The alpha- 


The precipitation hardening al- 
loys (17-7 PH, PH 15-7 Mo, AM 
350, AM 355 and A-286) in the 
annealed or solution treated condi- 
tions possess forming characteristics 
comparable to the A.LS.I. 300 series 
of austenitic alloys . These materials 
scale when heated to 1400° F. and 
higher in normal atmospheres. Since 
optimum design utilizes minimum 
sheet thickness, safety factors to 
account for loss of thickness due to 
removal of scale are not wanted 
Pickling causes size changes and 
raises susceptibility to intergranu- 
lar attack. Forming of many simple 
components is being done at room 


3000 


t Iron 
Cos 


: 


Temperature, 


Aluminum 


\ \ 


| 


\ 


| 
Over 
128,000 Sfm. 148,000 


Sfm. 


2000 


4000 


Cutting Speed, Surface Ft. per Min. 


Graph of Temperature Against Cutting Speed. 
that temperature rises to a peak and then drops. 
material 


temperature depends on 


beta types provide good strength 
stability and formability. The new 
beta alloy B 120 VCA forms readily 
and needs only to be air cooled from 
solution temperature.” 

Discussion of this and _ other 
papers throughout the sessions sug- 
gested that lack of formability of 
titanium and titanium alloys is not 
essentially inherent but due to vari- 
ability in strength, ductility and tear 
resistance within sheet 
each lot. 

Producers have gone a long way 
in overcoming such deficiencies, but 
increased homogeneity is still a re- 
quirement. Hydrogen pickup in ti- 
tanium alloys during thermal treat- 
ments and in pickling operations is 
a continuing problem. 


each and 


Note 
Peak 
machined 


being 


temperature on such materials as 
Inconel, Monel, M-252, HS 25, HS 
21, L-605 and N-155. Hot forming, 
if needed, should be done within 
the solution range. 

Beryllium is being studied for 
structural applications. Though light 
and strong, it lacks ductility. Vac- 
uum hot pressed beryllium has pro- 
vided sheets from 0.020 to 0.060 in. 
thick, 24 in. and over in width, and 
60 in. long. Unidirectional proper- 
ties appear to be eliminated, and 
elongations, both longitudinal and 
transverse, greater than 10% have 
been obtained. Rolling tempera- 
tures ranged from 1300 to 1400° 
F. Above 1400° F. grain growth 
and lower ductility occurred. Since 
beryllium is toxic, processes that 
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Space Age... 


generate dust, fumes or vapors must 


be confined. 


Sheet molybdenum has enough 
ductility at room temperature to 
permit mild deformation. However, 
best forming practices require metal 
at 200 to 1100° F. depending upon 


severity of deformation. 


The aircraft industry is using 
available tooling and facilities with 


modifications to process these new 
materials. Lyle Boarts, North Amer- 
ican Aviation, Inc., stated that “ti- 
tanium alloys and 17-7 PH steel are 
being formed successfully into such 
typical shapes as “hat” sections, Z 
frames, and channels by the trapped 
rubber process in hydropresses, hy- 
droform equipment and _ in drop 
hammers.” 

Aluminum cover plates have been 
used on titanium and titanium al- 
loys to aid hydropress forming. The 


Wiero Mach extra-high-tensile stainless steel sheets 


up to 48” WIDE for aircraft and missile use 


As the speed of today’s aircraft rapidly 
approaches the Thermal Barrier, conven- 
tional metals are being left far behind in 
the race to satisfy the structural require- 
ments of supersonic craft. Needed are 
metals that can withstand the intense heat 
caused by air friction at high speeds and 
still retain their strength. One such metal, 
MicroMach stainless, has been in use for 
more than a year. 

MicroMach is a special aireraft and 


missile grade of modified type 301 stain- 
less steel sheet furnished to higher 
mechanical properties than are available 
in other commercial high tensile grades 
in the full hard condition. 

These sheets are rolled to extremely close 
tolerances (as low as plus or minus 3%) 


with micro-accuracy and precise uniformity 


of gauge. The surface of Micro-Mach sheet 


is smooth, clean and dense; qualities so 


important in minimizing surface friction. 


For further information write to Aircraft Steels Dept. 


Washington Steel Corpora lion 
12-T WOODLAND AVENUE 
WASHINGTON, PA. 


MicroRold stainless steel is also 
available in all popular grades and to 
meet regular government epecifications. 
Sheets up to 36” wide can be had as thin 
as 005”, and over 36” to 48” wide as 
thin as 010” in all commercial 

finishes and tempers. 


process is being used to form titan- 
ium and tianium alloys into shapes 
such as flange cups, domes, semi- 
tubular deep recessed parts, and 
flat pieces with curved flanges. 

Drop hammers now preform com- 
plex shapes before hot sizing. Dies 
are not heated, and several blows 
can often be struck before parts 
require reheating. Finish forming 
is done on hot straightening presses 
or fixtures. 

Simple shapes of 17-7 PH often 
require but one die, while complex 
ones need starter and finish dies. 
Simple contoured parts are either 
partially or fully formed im the an- 
nealed condition. 


Machining 


Speeds ranging to 15,000 sfm. for 
aluminum and magnesium alloys 
are not attainable on the higher den- 
sity and high-strength materials. 
These are difficult and sometimes 
nearly impossible to machine by con- 
ventional methods. Erosion _prin- 
ciples for material removal include 
electrical discharge, electrolytic and 
ultrasonic processes. The three pro- 
cesses can be used on electrically 
conductive material, but the ultra- 
sonic method is the only one appli- 
cable to nonconductive materials. 
They are being applied for drilling, 
die sinking, forming irregular in- 
ternal shapes, grinding of tools and 
surface preparation. 

Electrodes are being made from 
yellow brass, copper-tungsten alloy, 
silver-tungsten alloy, tungsten car- 
bide, carbone, and Elo-met. The 
latter is a 50-50 tin-zine alloy which 
melts at 640° F. and is cast into 
desired shapes. It is particularly 
useful for making electrodes for 
forming die cavities. Chromium 
plating extends their life as much 
as 50:1. Holes and cavities of 
varying geometric shapes are ma- 
chined to tolerances of +0.0005 in. 
Virtually no heat is generated in 
the workpiece, and holes 0.005 in. 
apart can be drilled with no distor- 
tion of holes or mutilation of re- 
maining web. Holes as small as 
0.002 in. diameter have been drilled 
through 3/8-in. thick plate. 

Electrical discharge grinding is 
done with a brass wheel rotated at 
100 to 200 rpm. to produce matte 
finishes from 10 to 20 micro-in. 
Cuts of any width or depth are 
limited only by wheel size, and are 
possible in a single pass. Tungsten 
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Quenching... 
hardness... 
and 
how to 
save money 


Spotty hardness can be a costly problem. The 
solution is a quenching oil that permits maximum 
uniformity of hardness. Sinclair QUENCHOL 52! is 
unexcelled in this respect. It has a reputation, too, 
for increasing the depth and the degree of hardness. 
When you try it, you'll find QUENCHOL 52! 
surprisingly superior on all classes of steels. 

Refill now. Next time management asks how you've 
cut costs, tell them you've switched to Sinclair— 

and show them the results. 


Find out more about QUENCHOL. Call 

your nearest Sinclair Representative or 

write Sinclair Refining Company, a 

Technical Service Division, 
600 Fifth Avenue, New York 20, N. Y. 4 

There's no obligation. — 


QUENCHOL Quenching Oils 
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LABORATORY FUR JACE 
variable temperature range to 2750°F 


A versatile laboratory fur- 
nace for reliable operation 
from the lowest to the high- 
est temperatures. 

From 600° F. to 2000° F., 
use for ashing, drawing, ig- 
niting and tempering, above 
2000° F., for sintering, melt- 
ing, clinkering, fusing and 
high-speed hardening. 


AUTOMATIC 
TEMPERATURE CONTROL 


SPACIOUS ACCESSIBLE 
HEATING CHAMBER 


RAPID HEATING 
MINIMUM HEAT LOSS 


OPENS FROM FRONT 
FOR QUICK SERVICING 


BURRELL BOX-MUFFLE TYPE 
FURNACE, Model 30 
Heating chamber 7” wide x 814" deep 


x 4” high. For use with 230 volt, 50-60 
cycle, single phase power supply, or 


with automatic controller for 115 volt, 
; 50-60 cycle, single phase. 

Burrell Cat. No. 37-442 . . . . $1500. 
F.0.B. Pittsburgh, Pa. 


Ask for Bulletin No. 315 
BURRELL CORPORATION 


Scientific Instruments and Laboratory Supplies 
2223 FIFTH AVENUE, PITTSBURGH 19, PA. 
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carbide tools have up to 4% times the 
life of conventionally ground ones, 
and costs may be as low as 35% 
of those for usual processing. 

“Ultra High-Speed Machining”, 
a paper by Ken Sparling, Lockheed 
Aircraft Corp., presented the data 
shown in Fig. 1. There is a steady 
increase in tool temperature with in- 
creasing speed up to a given point, 
beyond which tool temperatures ac- 
tually decrease with continuing in- 
crease of speed. 

Preliminary studies have resolved 
some theories concerning high- 
speed machining. Limited testing 
showed that the high speed steels 
are better than carbide tools. With 
S.A.E. 4340 workpieces (tested in 
various conditions from fully an- 
nealed to hardened and tempered 
to Rockwell C-53), tools did not 
fail up to 150,000 sfm. with depths 
of cuts varying from 0.002 to 0.030 
in. Tools were used repetitively 
without regrinding, and surface 
finishes to 15 micro-in. were ob- 
tained. Hardness increased from | 
to 4 points Rockwell C to a depth 
from 0.004 to 0.010 in. The original 
hardness has little effect on the 
cutting action or final condition of a 
tool. Chips as such were non- 
existent in the tests made. 

Chem-milling is being used in 
production on practically all mater- 
ials. Among them are aluminum and 
magnesium alloys, corrosion and 
heat resistant alloys (including the 
A.L.S.I. 300 and 400 series, and the 
precipitation hardening types), ti- 
tanium and titanium alloys, nickel 
and cobalt-base corrosion and heat 
resistant alloys, toolsteels and re- 
fractory metals. 

Problems caused by stresses _re- 
sulting from conventional machin- 
ing are eliminated. Minimum 
thickness design requirements are 
reduced because uniform metal re- 
moval on both plain and contoured 
surfaces is possible. Its application 
to high-density and high-strength 
materials is of particular interest 
since the removal of even a small 
volume of metal results in a signi- 
ficant weight reduction. 

Some advantages are: (a) Very 
thin final cross sections are ob- 
tained without distortion, (b) many 
materials considered difficult to ma- 


chine are readily handled, (c) both 
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OSTUCO SWAGED TUBING 
ups aircraft parts production 82% 


Hogged out of a shaped forging, this vital aircraft part in SAE 4140 
took 400 minutes to machine. 

So the producers, The “Special’’ Corporation, brought their problem to 
Ohio Seamless. The solution—an Ostuco Swaged Tube. 

Now the chips are down . . . and so is machining time. Down to 220 
minutes—a saving of 180 minutes per part with a whopping 82% increase 
in parts production per workshift. 

Chances are Ostuco Tubing can put you on velvet, too. The first step is to 
contact your nearest Ohio Seamless sales office, or the plant at Shelby, Ohio 
Birthplace of the Seamless Steel Tube Industry in America. Aa-s112 


Photo: Courtesy The “ Special’ Corporation, Brooklyn, N.Y 


OHIO SEAMLESS TUBE DIVISION 


of Copperweld Steel Company + SHELBY, OHIO 


Seamless and Electric Resistance Welded Stee/ Tubing + Fabricating and Forging 
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get MORE vacuum pumping 
per dollar... plug 


with the NEW 
STOKES MICROVAC PUMPS 


Stokes Series ““H’’ Microvac Pumps were designed 
by vacuum specialists—are built by skilled per- 
sonnel in modern, well equipped facilities— were 
industry engineered to meet your requirements. 
Stokes Microvac Pumps are. . . 


* Compact—require little height or floor area 

* Balanced—for smooth, vibration-free operation 
* Quiet—for service anywhere, lab or plant 

* Complete—no optional equipment to buy 

* In Stock—for immediate delivery 

* Models with up to 500 c.f.m. displacement 


To support every Stokes customer—we offer a 
complete application engineering advisory service 
of trained vacuum specialists. Write for complete 
literature or application assistance on all models. 


Vacuum Equipment Division 
F. J. STOKES CORPORATION 
5500 Tabor Road, Philadelphia 20, Pa. 
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sides of sheets and components may 
be treated at the same time, and 
(d) tolerances of + 0.002-in. metal 
removal plus actual stock tolerances 
are obtained. 

Other features are: Maximum 
depth of cut is 0.500 in. but when 
depths greater than 0.125 in. are 
required, special handling may be 
necessary; the minimum pattern 
width is triple the removal depth, 
solution flow across surfaces must 
be uniform, and parts to be proc- 
essed must be clean, free from 
scale and contaminants. Further- 
more, masking material should be 
relatively impermeable to the et- 
chant, adherent to the part through- 
out the process, and _ readily 
removable when the processing has 
been completed. 

Regarding hydrogen pickup in 
titanium and titanium alloys, no 
definite increase has been shown in 
alpha materials, no significant 
amount has been found in low 
beta-phase alloys, but there is meas- 
urable increase in the high-beta 
alloys. These require vacuum 
degassing after processing. This 
suggests that hydrogen pickup may 
be related to the amount of beta 
phase present. 

Metallographic examination of 
specimens from processed A.LS.1. 
4130 structural steel, 17-7 PH (TH- 
1075 condition) and Inconel “X” 
shows no evidences of intergranular 
attack and no significant effects on 
the mechanical properties. 

Abrasive belt machining was dis- 
cussed by M. M. Gilman, North 
American Aviation, Inc. Such proc- 
essing is being used for the prepa- 
ration of honeycomb sandwich com- 
ponents before and after brazing, 
and for “skin sizing.” Tolerance 
limits of 0.005-in. maximum burr 
height, and maximum clearance be- 
tween facing sheets and core struc- 
ture components of 0.004 in. (nec- 
essary for good brazing) are being 
met successfully. 

Stainless steels are being belt 
ground up to 4500 sfm., and feeds of 
from 18 to 30-ft. per min. AM 350 
sheets are being ground at 3000 sfm. 
with speeds of 18 ft. per min. Metal 
removal approximates 0.0005 in. 
per pass. Very thin-gauge AM 350 
material is held under tension and 
refrigerated vacuum plates to dis- 
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Low-cost table model generator 


designed for all types of film work 
including stress analysis. 


OTHER RCA EQUIPMENTS 
Stress Cameras, Cylindrical Cam- 
eras, Flat Cameras, Microradiog- 
raphy Camera, Microradiography 
Cameras for use with fluorescent 
x-radiation. 


Guinier Camera and Curved Crystal 
Monochromator. 


Microfluorescence Analysis Attach- 
ment for X-ray Spectrometer. 


Rotating Crystal Layer Line Attach- 
ment. 


Pole Figure Goniometer. 


Vacuum Fluorescence Spectrometer. 


Console Model shown with Electronic Circuit Panel, Diffractometer, Guinier Camera with Monochromator 
ond Cylindrical Camera. 


World’s most complete range of 
equipment for X-ray diffraction 
and spectroscopy 


RCA’s precision engineered, unusually compact instruments for studies by 
X-ray diffraction and X-ray spectroscopy incorporate the most advanced 
operating and safety features. Outstanding for their technical excellence and 
performance characteristics, they provide the most versatile range of instru- 
ments available anywhere. 

The console model is a self-contained generator with convenient operating 
controls and filtered DC power supply. The easy-access Electronic Circuit 
Panel includes a full complement of equipment—automatic recorder, rate 
meter, counters, scalers, timer. 

The table model generator is a compact unit offered at an unusually low price. It 
is an ideal instrument for those interested in establishing a basic facility for 
X-ray diffraction and for larger laboratories where it can be used to lighten 
the load on more elaborate equipment. Can be operated with up to four 
individually timed cameras simultaneously. Portable, it also serves as a con- 
venient and efficient generator for stress analysis of large objects remote 
from the laboratory. 


Nation-wide installation, supervision and contract services available through 
eleven regional offices of RCA Service Company. 
To find out more about this advanced ne 
write: Radio Corporation of America, Dept. NV 


from RCA 
» 15-1, Camden, N.J. 


Lah? 
equipment availiable onty 


y 


RADIO CORPORATION of AMERICA 


Tmk(s) ® 
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CAMDEN, N. J. 
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Space Age... 


sipate heat and minimize distortion 
during processing. 


Heat Treatment 


The heat treatments required for 
processing space age materials have 
posed many problems. Furnace 
equipment to provide temperatures 
up to 2500° F. must accommodate 
large components and _ assemblies 


and be amenable to precise temper- 
ature and atmosphere controls. 
Vacuum furnaces of similar size and 
precise control are required for 
both regular treatment and brazing 
processes. 

Heat treatments for 17-7 PH and 
AM 350 alloys were items discussed 
by William F. Castell, Lockheed 
Aircraft Corp. In-process anneal- 
ing is done at 1900° F, + 25° fo 
5 to 10 min. Transformation treat 
ment is done at 1400° F. + 25° fo, 


Keep Yo 


SMO 


ur Product on the Move 


Copper brazing ot 2060° F 


with ASHWORTH 
METAL PROCESS BELTS 


Whether it be copper brazing at 2060°, bright annealing, powder metal- 


lurgy or for operation in oil or water quench . . . 


wherever your product 


must go during processing, an Ashworth Metal Process Belt can take it. 
Consult your nearest Ashworth representative . . . let him help you solve 
your belt problems, effect economies and keep your product on the move. 


Illustrated literature available 
ASHWORTH BROS., INC., WINCHESTER, VIRGINIA 


SALES ENGINEERS: Atlanta, Baltimore, Boston, Buffalo, Charlotte, N. C. 
Chicago, Cleveland, Dallas, Detroit, Fall River, Mass., Greenville. S. C. 
Louisville, New York, Philadelphia, Pittsburgh, Rochester, St. Louis, St. Paul, 
Tampa, Canadian Rep., Peckover’s Ltd., Toronto, Montreal. 


90 min. followed by cooling to 60° 
F. or less within 30 min. Timing 
is critical, Heating at 1400° F. and 
over is done either in inert atmos- 
pheres or by using suitable barrier 
coatings readily removable afte: 
treatment. Heating at 1050° F. + 5° 
for 90 min. followed by air cooling 
ages the alloy. Furnaces must hold 
temperatures between + 10° F. ove: 
effective hearth or chamber areas 

The treatments described pro 
vide ultimate strengths from 180,- 
000 to 200,000 psi., elongation in 
2 in. of 6% minimum and hardness 
of Rockwell C-40 to 45.  Retreat- 
ment at 1075° F. + 5° is permitted 
on parts which show higher hard- 
ness than desired after initial 1050° 
F. treatment. The 950° F. often 
suggested for 17-7 PH alloy is not 
recommended because of the in- 
creased susceptibility of material to 
intergranular corrosion crack 
propagation. 

In AM 350 alloy, the in-process 
annealing (between forming opera- 
tions) is done at 1900° F. + 50° 
for 5 to 10 min. Process annealing 
is done at 1710° F. + 25° for 30 
min. followed by air cooling. Hard- 
ening (cold treatment) is done at 
not less than — 100° F. for 3 hr., and 
tempering at 850° F. + 25° for 3 
hr. follows. Air cooling then pro- 
duces a material with a minimum 
ultimate strength of 185,000 psi., 
10% elongation in 2 in. and Rock- 
well C-40 hardness. Hot alkaline 
immersion cleans the parts; they are 
then passivated in 18 to 30% HNO, 
and 6% HF for 3 to 5 min. Double 
aging is not done because of suscep- 
tibility to intergranular corrosion. 

Warpage of 17-7 PH during proc- 
essing is a problem, but some room- 
temperature straightening is possi- 
ble. Flat sheets and formed parts 
of AM 350 will hold their shape if 
confined in fixtures during the 
—100° F. treatment. Parts made 
from thin material (when shape 
permits) can be wired together in 
groups for the cold treatment and 
will hold their shapes satisfactorily. 
Rusting of 17-7 PH and AM 350 
is a problem especially in salt atmos- 
phere, though no evidences of seri- 
ous pitting and intergranular attack 
have been found, 

A paper by L. H. McCreery, 
Chance Vought Aircraft, Inc., con- 
cerns 4340 heat treated to ultra high 
strengths. He showed that rigid 
controls during melting, casting, 


METAL PROGRESS 


° 


for experienced advice on extrusion presses 


For 110 years, Watson-Stillman has 
been designing and building hydrau- 


lic equipment. During this time, 
company engineers have helped lead- 
ing manufacturers in many industries 
to find the best press for a specific 
job —in boosting extrusion speed and 
efficiency. These men are ready to go 
to work on your problem, too—with 
a complete service, from consultation 
to installation. 

W-S extrusion presses come in 
standard designs up to 5000 tons 
(special sizes to order) for extruding 
any of the materials listed at the 


right. And, with headquarters now 
located at the manufacturing source 
—Farrel’s Rochester plant —Watson- 
Stillman can offer improved service 
on this complete line. 

Call Watson-Stillman for experi- 
enced advice in planning your extru- 
sion layout. 


WATSON-STILLMAN PRESS DIVISION 
FARREL-BIRMINGHAM COMPANY, INC. 
565 Blossom Road, Rochester 10, New York 
Telephone: BUtler 8-4600 
Plants: Ansonia and Derby, Conn., Buffalo 
and Rochester, N. Y. 


TYPES OF W-S 
EXTRUSION PRESSES 


aluminum 
brass 

bronze 
carbon 
ceramics 
copper 
cordite 
crayon 
graphite lead 
lead pipe 
magnesium 
phosphor bronze 


silver alloys and 
precious metals 
solder 


Typical aluminum extrusion 
plant engineered by 
Watson-Stillman 
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PIONEER IN 


NOW OFFERS DECORATIVE 


ON ECONOMICAL 


At long last you can now secure 
beautifully bright, gleaming colors 
from a simple LUSTER-ON chro- 
mate dip process for your zinc 
plated small parts. 

These are not just spotty identi- 
fication colors. These are scintil- 
lating golds, yellows, blues, greens, 
violets, reds, brass and copper hues 
that will add glamor and sales 
appeal. 


Especially Brilliant 
on Wire Goods 


Be the first in your field to offer this 
sales booster. Write or wire today 
for the full story on low-cost 
LUSTER-ON COLOR. 


Samples Gladly Processed Free 


West Coast: Crown Chem. & Engr. 
Los Angeles & San Francisco 
Canadian Licensee: Alloycroft Ltd., Montreal 
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forging, rolling and making of parts 
could produce minimum properties 
of 260,000 psi. ultimate strength, 
240,000 psi. yield strength, 16% 
reduction of area, and 4.0% elonga- 
tion in 2 in. The data presented 
showed that well-made and correctly 
processed material would provide 
transverse mechanical properties 
practically equivalent to longitudinal 
ones even comparing specimens from 
“center” and “outside.” 

This paper and others presented 
and discussed throughout these 
meetings are indicative of the many 
changes occurring in the aircraft 
industry. Artuur W. F. Green 


Nodular Iron Welding 
Rod Containing Cerium 


Digest of “A New Nodular 
Cast-Iron Welding Rod _ for 
Foundries and Fabricators”, by 
R. O. Day, J. S. Snyder and 
H. V. Inskeep, Welding Re- 
search Supplement, Vol. 36, 
September 1957, p. 410s-414s. 


INCE its introduction as a new 

engineering material ten years 
ago, nodular cast iron has been the 
subject of numerous investigations 
to evaluate its properties and limi- 
tations. Notable among these limita- 
tions has been the undesirable 
hardening effect caused by rapid 
cooling from above the critical 
range. This condition has necessi- 
tated the employment of annealing 
treatments when the material is used 
for castings of light or thin section 
thickness, and until recently it has 
prevented the attainment of satis- 
factory mechanical properties in 
welded joints. A further difficulty 
encountered in welding has been the 
tendency toward reversion of the 
spherulitic graphite to flake graphite 
upon remelting and solidification. 

The authors produced satisfactory 
nodular graphite structures and 
mechanical properties in welded 
specimens of nodular cast iron. 
Their results were accomplished 
through the use of a nodular cast 
iron filler rod with oxy-acetylene 
welding techniques. The filler rod 
is described as having a basic chem- 
istry similar to that of the general 
run of unalloyed nodular cast iron, 
except that cerium rather than mag- 


Metals for 
Supersonic Aircraft 


and Missiles 


aS 


New ASM Book based on 
the 1957 Albuquerque Con- 
ference on Heat Tolerant 
Metals for Aerodynamic 
Applications sponsored by 
the American Society for 
Metals and the University 
of New Mexico. 


This is a book for the designer 
and the metallurgist who must 
have an increasingly effective 
partnership to achieve urgent ait 
craft and missile goals. It is a 


book for specialists in 


aerodynamics 

ceramics and cermets 
electronics 

heat flow 

high temperature proper- 


ties 

lubrication 

material procurement 
mechanical structures 
thermodynamics 


protective metallic coatings 


: 
vibrations 


This complete documentation 
of the problems facing metal- 
lurgy and design, fabrication 
and testing, this study of prog- 
ress to date, should be in your 
library for study and reference 
use. It is a new, up-to-the- 
minute, authoritative book — 
order now. 


$7.50 Postage Paid | 
203 illustrations ad 
432 pages 

6” x 9” 

red cloth binding 


AMERICAN FOR METALS 


BOOK DEPT. 
| Technical & oid Book Information Service 

7301 Euclid Ohio 

copy(s) of 

“Metals tors for and Missiles'’ 

Enclosed is: () Cash () Check Money Order 
| Send me the new ASM Book Catalog 
| 
| City and State 

| Title 
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Prospecting at the 


WESTERN METAL SHOW 


Pan-Pacific Auditorium, Los Angeles - March 16-20, 1959 


Be a '59er! Come to the show that's loaded with new idea nuggets 

and good prospects! You'll see hundreds of the nation’s leading firms 
display their metals, their equipment, their processes 

and their new and improved products. 

And thousands of metals men will gather to inspect these wares. 


Make plans now to come to the 11th Western Metal Show... 

learn from it... profit from it. There will be technical and practical 
engineering sessions sponsored by the American Society for Metals 
and 20 cooperating societies and associations. 

It's bound to be the best one yet; so don't delay! 


WESTERN METAL CONGRESS & EXPOSITION 


Owned and Operated by the 


AMERICAN SOCIETY FOR METALS 
7301 Euclid Avenue « Cleveland 3, Ohio 


DECEMBER 1955 


ae 
EXuHig TORS 


YOU CAN sT 
RESERVE SPACE 
WRITE, WIRE 
OR CALL COLLECT 
FOR LiST of 
AVAILABLE 
EXHIBIT SPACES 


“y 
183 


Improve Quenching 
and You Get 
Better Heat Treating 


@ The NIAGARA Aero HEAT 
EXCHANGER transfers the heat 
from the quench bath to atmospheric 


air. It never fails to remove the heat 


at the rate of input, giving you real 


control of the quench bath temper- 


ature. This prevents flashing of oil 


quenches. In all cases it improves 


physical properties, saves loss of 


your product from rejections and 


gives you faster production, increas- 


ing your heat treating capacity. You 


can put heat back into the quench 


bath to save the losses of a “ warm- 
up” period. 


Savings in piping, pumping and 
power as well as great savings in 


cooling water return the cost of the 
equipment to you in a short time. 
The Niagara Aero Heat Exchanger 
saves nearly all of the water con- 
sumed by conventional cooling 
methods. 


For the complete story of other 
benefits and savings, write for 
Bulletins 120 and 132. 


NIAGARA BLOWER COMPANY 


Dept. MP-12, 405 Lexington Ave. 
NEW YORK 17, N. Y. 
District Engineers in 


Principal Cities of U. S. and Canada 


Welding Rod . . . 


nesium is the nodulizing agent. This 
rod when properly used has been 
found to give completely nodula: 
weld deposits, and satisfactory hard- 
ness (under Brinell 200) without 
heat treatment. 

Oxy-acetylene welding techniques 
have proven satisfactory through 
proper manipulation of the flame to 
preheat the area surrounding the 
weld and ‘allow heat to penetrate 
into the base metal. Upon comple- 
tion of the weld, the preheated base 
metal will cool slowly 
avoid hardening. 


enough to 
Are welding tech- 
niques, on the other hand, produce 
inadequate preheating of the base 
metal, and consequently result in 
excessive hardening of the as-welded 
structure. This condition applies to 
both conventional metallic are weld- 
ing as well as to the inert-gas metal- 
are process. Fully annealed speci- 
mens welded by the latter process 
however, show excellent strength 
and ductility although the as-welded 
structures are hard and brittle. 
The results of this work indicat: 
the successful application of nodula: 


cast iron as a filler rod which will 
produce welds in the 50,000 to 
75,000 psi. ultimate tensile strength 
range, with elongations in the 5 to 
10% range in the as-welded condi- 
tion. At the present time the fille: 
rod has been produced only on an 
experimental or pilot-plant basis. It 
is expected that techniques used to 
produce the experimental rod can be 
easily adapted to production ope: 
Meanwhile, 
sidered solely as an experimental 


item. W. W. Austin 


ations. it must be con- 


Low-Temperature 
Toughness of Welds for 
Storage Tanks 


Digest of “Strength of Welded 
Joints in Vertical Tanks After 
Roll Bending”, by B. F. Lebedev, 
Automaticheskaya Svarka, No. 
1, 1956, p. 58-64. 


Fr time to time brittle fractures 

have welded tanks 
for the storage of petroleum products 
While brittle fail 
ure is not completely understood, the 


occurred in 


and other liquids. 


HIGH TEMPERATURE Ceramic 


PROTECTION TUBES 
Large or Small 


Descgued tor Your 


INSTRUMENTS... 


@ Need protection tubes in 
your instruments? McDanel 
Ceramic Protection Tubes, 
glazed or unglazed are guaran- 
teed for dependable service in 
temperatures up to 2900° F. 
They have good thermal shock 
qualities and a low co-efficient 
of expansion. 


cE 


tight. 
assures a qualit 
dependable performance. We make stand- 


REFRACTORY PORCELAIN COMPANY 
BEAVER FALLS 


@ McDanel Protection Tubes are gas 


Precision manufacturing control 
product capable of long, 


ard and special sizes! Send us your 
specifications. 
for Catalog 
Today! 


+ PEMNSYLVANIA 
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Installation Data 

FURNACE 
Made by: Surfoce Combustion Corporation 
Type: For continvovs annealing of metal strip in series of vertical passes. 
Nominal Rating: 12,000 Ibs. per hr., 200 ft. per min. 

BLOWERS 
No. and Type: 3 Spencer Turbo-Compressors. 
2-30 3,600 RPM. (Used on strip cleaner and dewatering equipment.) 
1 25 3,600 R.P.M. (On annealing furnace itself.) 


F or continuous heat treatment 

or batch operation, the prime 

requirement in a blower 

is the same: reliable performance. 

That's why, where dependable air delivery is an 
absolute “must”, men who know specify SPENCER 
—for original equipment or replacement. 


Simple construction that assures minimum- 
maintenance operation, constant pressure at 
varying volumes, mounting that requires no 
bolting down or special foundations 

these are other reasons why 

metals men prefer SPENCER. 

Whatever your requirements in blowers—from 
1/3 to 1,000 H.P., volumes up to 20,000 
CFM, pressures from 4 oz. to 10 Ibs., 

it will pay to check with Spencer. 


Request Catalog 126-A 
containing complete specifications. 


STATIONARY PORTABLE PNEUMATIC 
VACUUM vacuum CONVEYING 
SYSTEMS CLEANER SYSTEMS 
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Weld Toughness . . . 


mechanism arises from an unfavor- 
able combination of stress concen- 
tration, shrinkage stresses and low 
temperature. 

The first series of tests was made 
by the author to study the effect of 
residual welding stresses. Specimens 
were made of storage tank steel % 
in. thick. The test plate, 6% in. 
wide, contained a %-in. longitudinal 
slot 18 in. long, in which a plate 2 
in. wide was fillet welded. A narrow 
transverse cut in the 2-in. wide plate 
was made in the center of the speci- 
men after welding. The cut served 
as a stress concentration. Half the 
specimens were submerged - arc 


had a tensile strength of 59,000 to 


64,000 psi. at —4°F., but only 
23,000 to 30,000 psi. at —40°F., 
and 10,000 to 42,000 psi. at —76° F. 
Specimens that had been mechani- 
cally stress-relieved had 59,000 to 
65,000 psi. tensile strength at —22 
to —76° F. Results were similar for 
the submerged-arc specimens, except 
that the tensile strength commenced 
to fall only at —58° F. All fractures 
were brittle. The results showed 
that residual welding stresses were 
responsible for low tensile strength 
at low temperature, and that the ef- 
fect of residual stresses was more 
pronounced for covered electrodes 
than for submerged-are welding. 
To show the effect of intersecting 
welds on strength at low tempera- 


ioe welded manually with high-manga- _ tures, specimens 9 in, wide with in- 
ie nese flux OSTs 45; the other half _ tersecting longitudinal and transverse 
.. were welded manually with UP-2/54 butt welds were tested in static ten- 
3 covered electrodes. Three specimens sion at —76°F. A stress concen- 
a were stressed to 28,500 to 31,000 tration in the form of an unfused 
psi. at room temperature to remove — area was introduced in some of the 
‘g ‘ residual welding stresses. The static specimens. With covered electrodes, 
aie tensile strength was determined at the ‘specimens with an unfused area, 
—4 to —76° F. whether or not mechanically stress- 
The specimens welded with cov- relieved, had zero or very low elon- 
ered electrodes without stress-relief gation and failed in the weld. With- 
most versatile Hardness Tester ever made! 
b 
Fi King Test Head King Test Head in 1314” 
. with Chain Adapter base with King Brinell Scope 
‘ 5 THE KING TEST HEAD CAN BE USED 
: King Test Head IN MANY INEXPENSIVE STANDARD ADAPTERS 
in 30” base 


@ To test any size, shape or thickness of metal. 

@ Make guaranteed accurate on-the-spot tests—anywhere! 

Gap 10”—13'2"—30". Throat easily carried. 

@ Loads from 62’ Kg. to full 3000 Kg. 5mm or 10mm. Ball. 

@ Will make tests in places no other tester can reach! 
Save time and money on all Brinell tests with 


KING PORTABLE BRINELL TESTERS 


Known the world over for accuracy and dependability 


Kl NG TESTER CORPORATION 


Dept. MP-1258 


440 N. 13th St., Phila. 23, Pa. 


Phones: WAlnut 5-2481, 
WaAlnut 5-1160 
Representatives throughout the world 


out stress-relief and unfused areas, 
the elongation was 8.3 to 8.9%, the 
yield and tensile strengths being re- 
spectively 57,000 to 58,000 psi. and 
76,000 to 83,000 psi. Failure oc- 
curred generally in the plate. 

With submerged- -are welding, the 
elongation was 5.5 to 16.6% without 
stress-relief and unfused area, the 
yield and tensile strengths being 
about the same as with covered elec- 
trodes. With unfused areas, the 
elongation fell to 2.8 to 6.1%, but 
with stress-relief, elongation rose to 
7.2 to 12.8%. 

Roll bending of welded plates has 
been shown by X-ray measurements 
to reduce residual stresses in butt 
welds to one third of their initial 
value. To investigate the effect oi 
roll bending on tensile strengti, 
specimens 5/16 in. thick with inter- 
secting submerged-are welds contain- 
ing unfused root areas 0.08 to 0.12 
in. deep were made with and without 
roll bending to the curvature of stor- 
age tanks. There was little differ- 
ence in the static tensile strength ex- 
cept at —76°F. At this tempera- 
ture the tensile strength was only 
17,500 psi. for the specimens without 
stress-relief, but was 61,000 to 71,- 
000 psi. for specimens that had been 
mechanically stress-relieved in ten- 
sion or by roll bending. 

In a second series of specimens, 
* in. thick, a longitudinal butt joint 
was welded from both sides. A gap 
in the first layer was left in some 
specimens as a stress concentration. 
The results at —76° were similar to 
those of the preceding series. 

The final series of specimens imi- 
tated conditions at the junction of 
wall with floor in a storage tank. A 
transverse butt weld in 5/16-in. plate 
was intersected by a fillet welded 
longitudinal plate. Tests were made 
only at —40°F. Again the superi- 
ority of the mechanically stress-re- 
lieved specimens was demonstrated. 
Low-temperature stress-relieving at 
400 to 480° F. also provided good 
results, but its value in practice re- 
mains to be demonstrated. 

The tests showed that relief of 
residual stresses raised the tensile 
strength at low temperatures. Sub- 
merged-arc welding gave higher 
strength at low temperatures than 
covered electrodes and is one of the 
weapons in the fight against brittle 
failure. Roll bending after welding 
also proved worthwhile. 


G. E. CLaussen 
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counts ...a specific 
Pacific Furnace 
is the answer! 


@ RAPID VACUUM 
PURGE 


CONTROLLED 
ATMOSPHERE 
DURING 
HEATING CYCLE 


UNIFORM 
HEATING AND 
TEMPERATURE 
CONTROL 


CASCADE 
QUENCHING 
ACTION 


ASSURED 
END RESULT 


For help with YOUR 
heat treating problem, and for 
information on a modern 


Pacific Furnace that's engineered 


to your specific job 
—write today! 


TITANIUM 
QUENCH 


FURNACE — 


VACUUM PURGE... 


...MAINTAINS PURITY 


FOR MASS PRODUCTION OF CLEAN, BRIGHT 
WORK—DURING ENTIRE HEATING CYCLE! 


Overcoming the many problems of heat 
treating titanium parts in production 
quantities —and without sacrificing quality 
— posed special problems for Metallurgical 
Consultants, Inc. ... till Pacific designed 
a unique new furnace to meet their rigid 
requirements! As titanium becomes brittle 
when subjected to many atmospheres, 
much of its high strength-to-weight ratio 
is lost, causing the material to become em- 
brittled. Some of the gas is absorbed and 
penetrates to the core of the work and no 
mechanical process, such as sand-blasting, 
can remove the affected material. 

To lick this problem, Pacific designed 
an entirely new vacuum and controlled 
atmosphere quench furnace that maintains 
ounteal of the atmosphere not only during 
the heating cycle, but throughout the 
entire loading and quenching cycle. Tem- 
peratures can be closely controlled and are 


TRADE MARK 


maintained with unusual stability due to 
special radiation shields. Several rapid 
vacuum purges, followed by a back fillin 
with inert gas, protect the work... a 
prevent the alloying effect which causes 
titanium to become brittle. 

After heating, the work is withdrawn to 
the purge chamber where the work basket 
— still under a protective atmosphere — is 
rotated to let the heated parts be indi- 
vidually quenched in a cascade action. 
The individual quench plus a controlled 
atmosphere throughout, provides the 
results desired—and more important, these 
results are being obtained on a fast pro- 
duction basis! 

Whatever your need —Pacific’s creative 
engineers and metallurgists — will recom- 
mend a sound answer. Their experience 
can bring you special results. Call or 
write today. 


GAS OR ELECTRIC INDUSTRIAL HEAT TREATING EQUIPMENT 


PACIFIC SCIENTIFIC COMPANY © P.0. Box 22019, Los Angeles 22, Calif. 


Please send me 
details on custom 
designed furnaces. 


PACT IC SCIENTIFIC CUMPAN 


tos ANGELES 
SAS FRANCISCO 
PORTLAND, 
CREATIVE DEVELOPMENT ARLINGTON. TEx. 
ANO MANUFACTURING SAN DINGO Address_ 
IN FURNACE OESIGN City. 


( Please send me a copy of your new 
catalog and full information on 
Pacific Heat Treating Equipment. 
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You make no profit on the time you 
spend cleaning out a degreaser. 

You cut another slice off the top 
of profits whenever you have to add 
fresh stabilizer to your trichlorethyl- 
ene bath. 


When a bath goes “sour” while 
you're processing, you lose still more 


time and money. 


psp is the simple answer 
Trichlor is trichlor the world over; 
it’s the stabilizer in your trichlor that 


MORE PARTS 


can make the difference. 

The difference in Nialk” stabilizer 
is psp—permanent staying power. 

Nialk stabilizer is neutral. It cannot 
react with acids to form corrosive 
salts. Still it “accepts” acids and ren- 
ders them completely harmless. The 
Nialk stabilizer will not stain or dis- 
color your parts or allow your bath 
to become “sour.” 

You never add fresh stabilizer to a 
Nialk bath. The stabilizer stays potent 
no matter how long you use it. It’s 


HOOKER CHEMICAL CORPORATION 
412 Union Street, Niagara Falls, N.Y. 


Nialk psp keeps this bath clean 
longer; processor gets more 
clean parts per dollar invested. 


insoluble in water so you don’t lose it 
during steam distillation or in the wa- 
ter separator of your degreaser. 

Nialk frees your bath of those deg- 
radation products which settle on coils 
and cut down heat transfer. Clean- 
outs are widely spaced and quickly 
finished. 

If your profit picture could use a 
little brightening, you'll want to know 
more about the whole subject of tri- 
chlor stabilizers. Send for our Bulletin 
70 for the complete story. 


NIALK® CHEMICALS 
OLDBURY® CHEMICALS 
SHEA® CHEMICALS 
DuREzZ® PLASTICS 


Sales Offices: Chicago, \\!.; Detroit, Mich.; Los Angeles, Calif.; New York, N. Y.; Niagara Falls, N. Y.; Philadelphia, Pa.; 
Tacoma, Wash.; Worcester, Mass. In Canada: Hooker Chemicals Limited, North Vancouver, B. C. 
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EXTRUSION CASTING 


FORGING FABRICATION 


From melt to finished product, steel and 
other premium alloys are under constant, 
critical surveillance at the Metals Proc- 
essing Division of Curtiss-Wright Corpo- 
ration. CURMET commercial products 
have the same built-in precision qualitics 
that have steadily surpassed rigid military 
and commercial specifications for many 
years. 


EFFECT OF TEMPERATURE ON IMPACT STRENGTH OF A-286 


200 400 eu0 #00 1000 
TESTING TEMPERATURE —"F 


ULTRASONIC 


IMMERSION TESTING — OR — CONTACT TESTING 


FOR FURTHER INFORMATION WRITE 


Metals shaped under Micro Controls 


CuRMET quality is more than inspec- 
tion . . . though the most modern flaw 
detection methods are employed . . . it is 
the in-process control of metal flow that 
imparts premium properties and adds to 
service life. 


*\. 
TRANSVERSE LONGITUDINAL 


CURMET processing with accurate metallurgical control 
is typified by this microphoto of a precipitation hard- 
ening, high temperoture alloy extrusion (A-286) show- 
ing uniform longitudinal and transverse grains. 
Metallurgical examination of the extrusion shows uni- 
formity of microstructure, assuring consistently high 
mechanical properties throughout the full length. 


INSPECTION 


Permissible ultrasonic flaw indication for com- 
mercial products is 5% of wall thickness. 
Nuclear applications are specified at 3%. 
High-performance A-286 alloy, when CURMET 
processed, consistently passes ultrasonic test- 
ing at the 142% level . . . with no defects 
noted even under these rigid test conditions. 

CurMeT ultrasonic testing can be applied 
to your forged or extruded product by either 
the immersion or contact method. Simple or 
complex, solid or hollow, your product gains 
quality by CURMET in-process control. 


METALS PROCESSING DIVISION Kp) CURTISS-WRIGHT CORPORATION 


763 Northland Avenue 


a Buffalo 15, New York 


1958 
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Light, strong Inconel baskets are charged into a Lindberg Mich. Baskets hold 700 lbs, have given 22 months’ service 


gas carburizing furnace at Teer Wickwire & Co., Jackson, 


so far. Made by Fab-Alloy Company, Jackson, Michigan. 


Light Inconel baskets carry heavy loads 
through 22 months of carburizing and quenching 


After more than 22 months’ full time 
gas carburizing service, these parts 
baskets are still carrying loads 
through 2-6 hour soaks at 1700°F, 
followed by oil quenching. Not one 
has failed! 


The reason? They’re of strong, 
heat-resisting Inconel* nickel-chro- 
mium alloy. The manufacturer, Fab- 
Alloy Company, took advantage of 
the easy-working properties of Inco- 
nel alloy ... made the baskets of 
channel and angle formed from 3/16” 
wrought plate, mesh woven from 
3/16” diameter wire. 


Basket requirements were strin- 


gent: (1) minimum dead weight (2) 
large capacity (3) durability in re- 
peated heating and quenching (4) 
ease of handling. Completed baskets 
can hold 700 lbs of payload .. . and 
you see how they stand up. 


Outstanding high-temperature ser- 
vice like this is regularly turned in 
by Inconel equipment... as in a neu- 
tral salts pot that put in 13,000 con- 
tinuous hours at 1500°F. Or an Inco- 
nel muffle that enclosed dissociated 
ammonia atmospheres for 6 years 
at 1300° to 2100°F. 


Workability is high when it comes to 
making up Inconel parts: they’re 


readily formed, welded, machined — 
and reworked, if changes are neces- 
sary. What’s more, Inconel alloy is 
available in all common mill forms, 
and is stocked in warehouses across 
the country. 


More information on these bas- 
kets? Write Fab-Alloy Company, 
Jackson, Michigan, direct. And for 
the latest ways to shave costs with 
long-lasting Inconel alloy equipment, 
write Inco for “Keeping Costs Down 
When Temperatures Go Up.” 


*Registered trademark 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street hed, New York 5, N.Y. 


INCO NICKEL ALLOYS 
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t GENERAL ALLOYS BRANCH OFFICES AND REPRESENTATIVES 


BALTIMORE, ™ 

i : Emi! Gathmann, jr. 

413 North Charles Street 
4 


BUFFALO, New York 
General Company 
5S Box 2395 


BIRMINGHAM, Alabama 

NATIONAL ENGINEERING 

ward T 

2724 i 

SERVICE on a 
22 


Heat and Corrosion : 
Resistant Castings 


DETROIT Michigan 
ri Don B. Hutchins 
3-147 General Motors Bidg 
FORT WAYNE 8. indiana 
The George 0 


Desautels Co 


General Alloys Company products “yereedtt 


ROCKFORD. Ititinols 
enjamin F. Oliman 
1603 Jonathan Ave. 


ing service offering unexcelled me- sia 


re ine. 
5251 Tweedy Blvd. 
South Gate, California 


LOUISVILLE 7, Ken 


chanical and metallurgical Heat and — 


Corrosion Resistant Alloys for all 


Defense and Industrial applications. 


NEW ENGLAND 
David 


There is no substitute 
for Experience”’ You 


Alfred M. Samopter 
50 Chureh Street 
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GENERAL ALLOYS CO. 


405 WEST FIRST STREET BOSTON, MASS. 


“OLDEST AND LARGEST EXCLUSIVE MFRS. OF 
HEAT & CORROSION RESISTANT CASTINGS” 
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H 15, Pa 
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—AT LOWER COST 


TEEMING 


... top quality steel from ladle to ingot climaxes another. job 
well done by melters who know every trick of their trade. 

Experienced melters have also discovered that GLC GRAPHITE 
ELECTRODES with ‘‘weld-strength” Unitrode” nipples help make better 
steels at lower cost. 

FREE~—This illustration of one of the skills employed by the men who make 
the metals has been handsomely reproduced with no advertising 


. text. We will be pleased to send you one of these reproductions 
with our compliments. Simply write to Dept. P-12. 


ELECTRODE 
GREAT LAKES CARBON CORPORATION 


18 EAST 48TH STREET, NEW YORK 17, N.Y. OFFICES IN PRINCIPAL CITIES 


® 
DIVISION 
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COBALT 60, CESIUM 137, IRIDIUM 192... 


the whole story in a nutshell in Ansco’s free new 


“RADIOISOTOPES IN INDUSTRY” 


If you are working with radio- 
isotopes, or plan to work with them, 
then this new technical brochure 
is a must for your files. 

It gives needed facts and figures 
on the use of major radioisotopes 

. . explains in detail half-lifes, in- 
tensity, energy .. . and, describes 
how each of these characteristics 
affect exposure time and radio- 
graphic quality. It also presents 
basic exposure factors and com- 
pares the quality of radiographs 
made by exposure to x-rays and Ansco, Binghamton, New York 
gamma rays. industrial X-ray Dept. 
ane Gale FOUR PRES Gentlemen: Please send me a copy of “Radioisotopes In 

i Industry”. I am actively engaged in industrial X-ray work. 
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BRONZING FURNACE LINE at the Cleveland Graphite Bronze Division of Clevite Corporation is heated with GLOBAR Delta elements. Severe 
operating conditions (metallic oxide) and vibration (steel strip moving through the furnace) cause no problems. Pre-heat furnace operates at 
1950°F. and is used with a bronzing furnace operating at 2100°F. for casting a copper-lead alloy on steel strip for use as engine bearings 
Furnaces were built by Sylvester & Co., Cleveland, Ohio. 


How pioneer producer of 
meets severe production requirements 


Clevite Corporation uses GLOBAR’® electric heating elements in bronzing 
furnaces where temperatures reach 2100” F. 


In the pre-heat furnace shown here at the progressive Cleve- 
land Graphite Bronze Division of Clevite Corporation, severe 
operating conditions (metallic oxide) combine with vibra- 
tion (steel strip moving through the furnace) to make 
exceptionally tough operating conditions. GLOBAR elements 
—32 of them—are used in this furnace and operate at 1950°F. 
In the words of J. A. Boehmer, foreman in charge of this 
company’s furnace maintenance, “we can duplicate our heat- 
ing cycles precisely with our GLOBAR elements and, on top 
of that, they last a very long time.” 


The GLOBAR elements are mounted vertically inside the 
direct-heated furnace and are inspected or replaced from 
underneath, without shutting down the furnace for either 
operation. 

The metal coating or bronzing furnace which is at the 
extreme end of the photograph, operates at 2100°F. and 
uses 4 GLOBAR elements for the actual nonferrous coating 
operation. 

Says Mr. Boehmer, “if we install more furnaces, we'll put 
GLOBAR elements in them.” 


CARBORUNDUM 


Registered Trade Mark 
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EASY ELEMENT REPLACEMENT from undernecth pre-heot fu 

is being accomplished here by Mr. J. A. Boehmer, forema: 
charge of furnace maintenance. This easy replacement without 
shutting down the furnace—and easy inspection is one reason why 
Mr. Boehmer would install GLOBAR Delta elements in future 
furnace installations. 


bearing metals 


The economic advantages of electric heat: 


There are many reasons why the use of GLOBAR Delta silicon carbide elements 


is economical as well as dependable, clean, safe and quiet. For example: 


© no fire or explosion hazard. 


exhaust and fuel storage facilities (and 
costs) are unnecessary. 


temperatures can be accurately controlled, 
independent of the atmosphere. 


heating cycles can be closely duplicated. 
product quality is improved. 

fewer rejects. 

furnaces are compact—save space. 


furnaces can be located on the produc- 
tion line, speeding production and reduc- 
ing costs per unit of product. 


installation of Delta elements is simple. 


Delta elements can be replaced quickly 
without cooling the furnace or interfer- 
ing with production. 


DECEMBER 1958 


AND CONSIDER THIS: the inves- 
tigation of an electric heating applica- 
tion should include more than the 
comparison of BTU or electricity 
costs. The advantages and savings of 
electric heating will frequently more 
than offset a fuel cost differential, and 
total manufacturing costs may be 
lower. Typical applications of 
GLOBAR Delta elements include fur- 
naces and kilns for: heat treating, 
forging, sintering, brazing, annealing, 
melting, assaying, roasting, laboratory 
and research, and ceramic firing of 
ferrites, titanates, steatites, refracto- 
ries, electrical insulators, grinding 
wheels, whiteware, pottery and tile. 


Find out how your operation could 
profit by using GLOBAR Delta silicon 
carbide electric heating elements. 
Your furnace builder can supply you 
with full details. The Carborundum 
Company, Refractories Division, Globar 
Plant, Niagara Falls, N.Y.,Dept. 
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The Heroult Electric Furnace: 


100% Mechanically Operated 


The Heroult Electric Furnace is 100% mechanically 
operated. All of the movements are handled by motor- 
driven gear mechanism. 

This is a very important advantage—as any engineer 
will readily tell you—for it eliminates so many mainte- 
nance difficulties. 

There is nothing about the operation and servicing 
of the motor-driven, heavy-gear mechanism of the 
rugged Heroult that any good maintenance man can’t 
easily take care of himself. Seldom, if ever, will you 
find it necessary to call in an outside maintenance man 


to keep your Heroult performing efficiently. 
Modern Heroult electric furnaces are available in 
sizes ranging in holding capacity from 6,000 lbs. up to 
and in excess of 400,000 Ibs. Both gantry and swing-type 
roof-moving mechanisms are available. Door-charging 
furnaces and furnaces of special design, including units 
equipped with austenitic steel bottoms to permit induc- 
tion stirring, can also be supplied. 
We welcome an opportunity to help you select and 
install the Heroult best suited to your requirements. An 
inquiry to the nearest office will bring complete details. 
USS and Heroult are registered trademarks 


American Bridge 


Division of 


United States Steel 


General Offices: 525 William Pern Place, Pittsburgh, Pa, Contracting Offices in New York, Philadelphia, Chicago, San Francisco, and other principal cities. United States Stee! Export Company, 


New York 
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Bronze plating 
duplicates eye-appeal 
of 24K gold finish 


A copper-tin plate with the rich, brilliant 
appearance of 24K gold is easily ob- 
tained from the unique M&T Bronze 
plating process 


CORROSION RESISTANT. TOO 
This most attractive decorative plate 
offers excellent corrosion protection for 
the product. Coated with a clear lacquer, 
it provides a high quality finish with 
long life as well as unusual appeal. It 
lends itself to distinctive accent applica- 
tions, or to a uniform overall finish even 

on parts with complicated shapes 
M&T Bronze deposits as an 88% copper 
— 12% tin alloy. It covers recessed areas 
uniformly. Since the process is as easy 
to control and operate as processes de- 
positing a single metal, designers can 
specify it in full confidence of consistent 


results. Send for 
more data 


Die cast trophies for 
merly plated with cop 
per, nickel and gold now 
get equally handsome 
gold-like M&T Bronze 


METAL & THERMIT 


CORPORATION 


General Offices: Rahway, New Jersey 
Pittsburgh Atlanta Detroit 
East Chicago * Los Angeles 
In Canada: Metal & Thermit—United Chromium 
of Canada, Limited, Rexdale, Ont. 
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COATINGS MEWALS 


Metallic 


Organic... 


Outwears textured baked 
enamels by 10 to 1 


Metal & Thermit presents UNI- 
CHROME COATING 6400, latest 
addition to a comprehensive line 
of vinyl dispersion finishes. This 
coating offers two advantages that 
set it apart as an extraordinary 
finish for quality products such as 
business machines, office furniture 
and similar items. 

(1) It has an interesting and 
rich texture akin to high cost 
grained leather. (2) It has been 
endowed with properties that en- 
able a COATING 6400 finish to 
retain its eye appeal long after 
lesser finishes have deteriorated 
or failed. 


PROMOTING LONG LIFE 
A new type of organosol formula- 


tion, COATING 6400 has the 


Decorative Protective 


Tough new organosol coating sprays 
unique textured finish 


well known chemical resistance of 
vinyl coatings to acids, alkalies, 
moisture, salt solutions and other 
causes of finish failure and corro- 
sion. 

It is a hard yet fle-ible coating 

. Surpassing normal textured 
enamels in resistance to handling 
and abusive service conditions by 
as much as 10 to 1. Applied by 
spraying, it builds films of 8 to 40 
mils, depending on the number of 
coats. COATING 6400 sticks tight 
to properly primed metals, will not 
chip upon impact. 

Other features: Excellent elec- 
trical insulating qualities; gloss 
which can be varied from high to 
matte; wide selection of colors. 


Write Metal & Thermit for de- 
tailed information on UNI- 
CHROME COATING 6400. 


Unichrome is @ trademark of Metal & Thermiz Corp. 
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literature 


COMPLETE YOUR SET AT SPECIAL REDUCED PRICES 


Hoot Mon! 'Tis a real value you're $10.00 each and to non-members for 
gazin at. . . but you'd better hurry, $15.00! 
t'will be gone a’fore you know it. Each “Review” is your reference to 


all published information on metals 
during the respective year. Each carries 
approximately 800 pages of bibliog- 
raphy and reference —s the out- 
put of all printed material throughout 
the free world. A complete set contains 
almost 100,000 annotations! 

Return your coupon today. Special 


Until January 1, back issues of the 
ASM Review of Metal Literature will 
be sold at special reduced prices! Now 
is the time to buy those volumes so 
conspicuously absent from your set. . . 
those often reached for, but never pres- 
ent! You can save real money (Dol- 


lars!) by completing your set now! reduced prices include all i and 
These are the exact same books that my charges. This is a limited offer 
normally sell to ASM members for too good to miss! 


1 VOLUME-$8.00 
2 VOLUMES~$7.00 EA. 
3 OR MORE VOLUMES-$6.00 EA. 


OFFER EXPIRES JANUARY 1, 1959 


PLEASE SEND ME THE VOLUMES CHECKED: NAME 


us VOLUME DATE PUBLISHED VOLUME DATE PUBLISHED STREET 
Dec. 1945 7 July 1951 
CITY : STATE 
i 2 Aug. 1946 [) 8 July 1952 2) 
COMPANY 
3 May 1947 9 July 1953 
10 July 1954 [) TITLE 
4 Aug. 1948 [) 
nclosed: §...... i e i ompany|_|} 
5 July 1949 [J 12 June 1956 [1 
AMERICAN SOCIETY FOR METALS P 
6 July 1950 () 13 July 1957 [) Technical & Engineering Books 


7301 Euclid Ave. — Cleveland 3, Ohio 
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Udimet 


a vacuum induction melted alloy 


NOW AVAILABLE 


Udimet 500, a superior alloy proven by extensive high 


temperature applications, is now available in sheet in 
production quantities for early delivery. It is produced 
in widths to 48” by 144” in length and in thickness down 
to .010”. The alloy combines very high stress rupture 
life with excellent ductility and fatigue resistance in 
the 1200°F to 1800°F ranges. 

Many other vacuum induction melted alloys are also 
now marketed in sheet form by the Utica Metals Division. 

New alloys are being developed at Utica for critical 

sheet application. We are interested in discussing uses 
for our sheet material where high tensile strength, cor- 
rosion resistance, high stress rupture life and electrical or 
magnetic properties are critical requirements. 

The technical strength and experience of our organi- 
zation, together with highly precise melting and inspec- 
tion practices, enable us to guarantee absolutely consistent 
quality from heat to heat. Utica Metals Division, Kelsev- 
Haves Co., Utica 4. N. Y 


UTICA METALS - KELSEY- HAYES 


KELSEY-HAYES CO UTICA 4, NEW YORK 
REGISTERED 


SOME ALLOYS COVERED BY US. PATENT # 
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BRONZE, MONEL, 
ALUMINUM and COPPER CASTINGS 


From Pattern 
to Machined / 
and Tested | 
Parts 
FRONTIER A 


ro brane 
/ RESPONSIBILITY 
an ONE SUPPLIER 


Castings shown are typical of FRONTIER complete 


service to equipment builders. Certified chemical, 
physical and X-Ray tests, made in our own 
laboratory, can also be furnished if requested. 
Frontier is a complete, modern, .non-ferrous 
foundry where castings often considered impos- 
sible become routine under the skillful direction of 


our foundrymen and metallurgists. 


Call in a Frontier Metallurgist at the design stage 
of any new product. You will find him of invalu- 
able aid not only in selecting alloys that will 
give the desired results, but in making design 
recommendations that will lead to better, more 
economical castings. Let us solve your non-ferrous 


casting problems. 


FRONTIER BRONZE CORP. 


4895 PACKARD ROAD @ NIAGARA FALLS, NEW YORK 


Exclusive Foreign Producers of 40-E 
Daralum Castings Ltd., Darlington, England 
Paul Bergsoe & Son, Glostrup, Denmark 
L‘Aluminum Francais, Paris, France 


REVCO Sub-Zero 


@ for shrink fits 

© for seasoning gauges and tools 
fortesting for research 

© for processing to —140° 


Model RSZ503 Rivet 
Cooler (shown) equipped 
with 90 rivet canisters, tem- 
peratures to —30° F. 110V, 
60 cycle, single phase. 


Model SZH153 with tem- 
peratures to —95° F. 110V; 
60 cycle, single phase. 


Model SZH653, larger 
capacity, temperatures to 
— 85° F. 110V, 60 cycle, 
single phase. 


Model SZHC657. Same 

capacity as SZH653 but attains 
temperature as low as —- 140° F. 
220V, 60 cycle, single phase. 


Refrigeration: Model SZHC657 operates with 
3 Tecumseh hermetic compressors in a two system cascade. Other 
Sub-Zeros use 2 hermetics in a two stage system. Rivet Cooler operates 
with single hermetic unit. All models equipped with efficient fan- 
cooled condensers — no liquid coolant required. Write Today for Full 
Specifications and Prices. 


Temp. Range Outside Dim. Inside Dim 

Rm. 70° Rm. 110° W H H 
Sub-Zero SZH153 15 —95°F. —85°F. 42” 28” 42%" 23” 9 12'4" 
~~ Sub-Zero SZH653 65 —85°F. —75°F. 60” 28° 42%" 47” 15” 16” 
Sub-Zero SZHC657 65 -—140°F. —125°F. 60” 28” 42%" 47” 15” 16” 
Rivet Cooler RSZ503 5.0 —30°F. —20°F. 42” 28° 41° 30° 16” 18° 


REVCO, Inc. 


Setting Trends in Refrigeration since 1938 


Description Model Cu-Ft. 


Deerfield, Michigan 


Versatile SECTIONALIZED belt furnace 


OXIDE REDUCTION FURNACE 


@ Composed of four self-contained, sectionalized units—drive 
and loading unit; high temperature zone; cooling section; 
and unloading and belt take-up assembly. 

@ Simple bolted assembly ready for operation, or disassembly— 

easily relocated for changing production schedules. 

All metal treating temperatures up to 2000° F. Belt speed 

variable from 5 ft. to 50 ft. per hr. 

Endless solid stee| belt. Available with mesh conveyor with 

slight modification 

Number and size of sections variable to meet individual time, 

temperature and production requirements. 


Write Today Gor Details 


Standard or Special Furnaces or Kilns Fal Temperatures from 
450° F. to 5000° 


PERENY EQUIPMENT CO. 


Dept. 9, 893 Chambers Rd. Columbus 12, Ohio 
Export Office: Ad Auriema Inc., 85 Broad St., 
New York 4, N.Y. 
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For Accuracy In Your Spring Steel 


Use UDDEHOLM 


The Spring Steel ha | 
Used To Measure <i) 


Accuracy 


4) 
4 4 / 
j 


Feeler Gages are used as a sfandard of accuracy — good reason 
why so many of them are made from Uddeholm spring steel. Their UDDEHOLM SPRING STEELS 
own tolerance limits are extremely close —and feeler gage manufac- Annealed Clock Spring Stee! 
Camera Shutter Blade Stee! 
Doctor Blade Steel 

Knife Steels 

Razor Blade Steel 


turers have long depended on Uddeholm to supply this accuracy. 


Uddeholm feeler gage steel is typical of the quality you can expect 
from a// Uddeholm spring steels— not only in dimensional accuracy, 


but in superior flatness, straightness of edge, and surface and edge 


Reed Stee! 
finish. In performance too, Uddeholm spring steel will give your Rule Steel 
product longer life, greater fatigue resistance. Saw Steels 
Tape Steels 
From Warehouse Stocks... Tempered Spring Steeis 
Tempered Clicker Die Stee! 
Uddeholm spring steels are available annealed or hardened and Textile Steels 
tempered in a wide variety of grades, sizes, tolerances and finishes. Thickness Gage Steels 
Widths run from 1/4" to 1644"; thicknesses from .001” to .125”’. Trowel Steels 
Slitting, edge-filing and heat treating facilities are also available Valve Steels 


at warehouse. 


Uddehoim Spring Stee! Quality Guarantees you... 


e@ Maximum Fatigue Strength e Uniform Hardness e Accurate Dimensions 


e Fine Micro Finish e@ Excellent Wear Resistance 


Write For Our Spring Steel Stock List 


UDDEHOLM COMPANY OF AMERICA, INC. 


Tool and Die Steels Offices and | New York: 155 East 44th Street, MUrray Hill 7-4575 
Cold Rolled Spring Steels Warehouses | Cleveland: 4540 East 7ist Street, Diamond 1 1110 

Los Angeles: 5037 Telegraph Road, ANgelus 2-512! 
District Representatives 


CHICAGO: Frank J. Mackin, Leroy E. Marshall, 55 East Washington, STate 2-1649 DETROIT: Warren H. Nugent, 17304 Lahser Road. KEnwood 5-6340 
PHILADELPHIA: Frank T. Campagna, 1418 Walnut St., PEnnypacker 5-2114 PITTSBURGH: Lohmeyer Steel Co. 345 Mount Lebanon Bivd., LOcust 3-0122 
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99.7% 

Pure Al203 
Furnace & 
Protection 
Tubes | 


Impervious 
Recrystallized Alumina 


for temperatures to 1950°C—3542°F 


Do you need an impervious tube with the follow- 
ing properties? 

High purity alumina 

High electrical resistivity 

High thermal conductivity 

Inert in hydrogen & carbonaceous atmospheres 
No binders added 

For temperatures to 1950°C—3542°F 


Investigate Morganite’s Triangle RR Impervious 
Recrystallized Alumina Ware available in— 


TUBES (Furnace & Pyrometer Protection Tubes) 
e@ Open both ends or closed one end 
e@ Sizes from 3/16” to 2%” inside diameter 
@ Lengths up to 36 inches 


INSULATORS (For plat- CRUCIBLES(Thin-walied) 
inum, platinum-rhodium Wide selection of sizes 
thermocouples) in three styles. 


@ Single bore round 
@ Double bore round 
@ Double bore oval 


Call or write for illustrated catalog today. 


INCORPORATED 


3300 48th Avenue, Long Island City 1, New York 
Telephone: STillwell 4-3222 


Manufacturers of Fine Carbon Graphite Products including Carbon 
Soeciaities. Motor and Generator Brushes, Current Collectors, etc. 


shape 
e Conical shape 
@ Cylindrical shape 


Fast, efficient high temperature 
heating...HARROP Electric Furnaces 


Model 
NMR-20, 

setting space 
20x36" x20" 


When you're jucging the value of an Electric Furnace, think in 
terms of (1) its flexibility in use, its controls, (2) its accuracy in 
firing, (3) its sturdy, long-lasting construction. When you compare 
Non-Metallic Resistor furnaces you'll find the Harrop NMR Series 

Flexible. Whatever type of control you require is available an- 
ual operation, automatic temperature control, repetitive heating to 
any preselected temperature (with or without adjustable holding 
time), complete program control. All voltages adjustable from 55 to 
230 volts in 36 steps. Specially planned equipment and instrumenta- 
tion can be designed for your individual need 

Accurate in Firing. Any temperature you require is held within 
negligible limits of variation, up to 2800 F. continuous operation 
and 3000 F. intermittent operation 

Sturdy Construction. Full-yoke doors cannot sag or bend out of 
alignment. 3000 F. internal refractories stand up under hard usage 
Housing of heavy steel construction with no projecting switches o1 
other equipment. Heating elements lightly loaded for even heat dis- 
tribution and long life 

Any NMR Series Harrop Furnace meets most rigid requirements 
according to the above specifications. Setting spaces range from 7 
by 9” by 8'»” to 36” by 40” by 36”. Special designs can be developed 
to meet your need for non-obligating recommendations, send 
information on materials, temperature range. heat control and firing 
objectives to Dr. Robert A. Schoenlaub, Technical Advisor. HARROP 
ELECTRIC FURNACE DIVISION of Harrop Ceramic Service Co., 
Dept.M. 3470 East Fifth Ave., Columbus 19, Ohio 


Our customers tell us 
Die-Lube T is the 


“BEST LUBRICANT FOR 
FORGING TITAKIUM” 


and they have tried them all! 


Die-Lube T was developed specifically 
for forging Titanium but has proved 
satisfactory in most metal working oper- 
ations on many other metals. 


For established production processes 
we will prepare dispersions to meet your 
specifications. We will work directly with 
your engineers on development projects 
requiring specialized dispersions. 


Our research staff is always available 
for consultation on new products, new 
processes, and new applications. For 
more information request Bulletin 581. 


Graphite Products Corporation 
BROOKFIELD, OHIO 
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BRISTOL “Armorox” thermocouple, here about to be installed in 


tunnel kiln truck, is more flexible and smaller, but more rugged, 
than conventional thermocouples. 


The Bristol “Armorox” thermocouple now makes difficult 
temperature measurements easy. 

Good for temperatures up to 2000°F. and at pressures to 
50,000 psi, the “‘Armorox”’ thermocouple is metal -sheathed, 
ceramic - insulated and flexible—easily bent around twice its 
own diameter to get into out-of-the-way places. What’s 
more, no additional protecting tube is required. 

The entire line of Bristol pencil-type thermocouples is 
offered in “‘Armorox”’ metal-sheathed ceramic-insulated con- 
struction as well as conventional construction. Metal-sheathed 
construction plus tightly packed refractory insulation now per- 
mits use of smaller gauge wire than ever before at higher temper- 
atures. Wire sizes as small as #30 AWG give outstanding 
service in the advanced construction. 

Sheathing available in stainless steel and Inconel*— other 
metals available for special applications. Diameters from 
1/16 to 1/4 inch. Lengths up to 30 ft. Thermocouples avail- 
able in Chromel-Alumelf, iron-constantan, copper-constan- 
tan, and other materials. Can be used for every application 
of conventional pencil-type thermocouples. Meet the ISA 
standards for accuracy. 

Write for complete data on this Bristol development in 
pyrometry. The Bristol Company, 155 Bristol Road, Water- 
bury 20, Conn. 8.15 


*T. M. Reg. by International Nickel Co. 
tT. M. Reg. by Hoskins Manufacturing Co. 


BRISTOD suromarion 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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WESTINGHOUSE 

INDUCTION HEATER 
CUTS STEEL CABLE 

PRODUCTION 

COSTS BY $100,000 


Automatically Stress Relieves Stranded Steel 
Cable for National Road Building Program 


Expensive, contaminating lead pot is eliminated by con- 
tinuous induction heating process which produces con- 
sistent, electronically controlled, 600° F temperature in 
every foot of cable as it moves from strander to take-up 
reel at speeds up to 250 feet per minute. First year 
savings are paying for the user’s investment in this 
unique Westinghouse installation. 


How Operation Compares With Other Heating Methods 


@ Initial cost was only 25% of other methods. 

@ Operating cost was reduced by 92% compared with 
lead pot. 

@ Required approximately 80% /ess floor space. 

@ No additional operator, no additional material han- 
dling, no unpleasant fumes, no special maintenance. 

@ Accurate temperature control—+10°F at full speed. 


For an analysis of your operation by a Westinghouse 
engineering team .. . call or write: 


Westinghouse Electric Corporation, Induction Heating Department 
2519 Wilkens Avenue, Baltimore 3, Maryland, EDmondson 6-2300 


You Can BE SURE...1F Westi nghouse 


Watch “Westinghouse Lucille Ball- Desi Arnaz Shows” CBS-TV Mondays 
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ENGINEERING SKILL AT ITS HIGHEST! 


W.C. DILLON & €0., ine. 


NEUTRAL You're close to the 


HARDENING Source in Oregon 


Metallic and industrial minerals abound 
in Oregon, home of the only nickel mine 
in the U. S. In ore-rich Oregon, metal- 
lurgical industries are developing rapidly, 
barely tapping the diversified reserves of 
readily accessible deposits throughout the 
HIGH-SPEED state. Over 500 million pounds of alumi- 
num reduction capacity available in the 
HARDENING immediate area. Ample energy reserves 
provide low-cost fuel-fired or electric heat 
for all processes. And, recreation facili- 
ties in Oregon keep morale high and inter- 
TEMPERING MARTEMPERING ests alert. Whether you produce, process 
or market metallics or other minerals, 
: you'll find a wealth of advantages in 
~- 3 locating a plant in Oregon. Write for our 
free map to determine how Oregon's 
- minerals apply to your requirements. 
* ey an AT BAT Fl Your inquiry will be treated confiden- 
CORPORATION tially, of course. 

Springfield 1, Mass. 


Julius R. Jensen, Director 
OREGON Department of 
Planning and Development 
728B State Office Building, Portland 1, Oregon 
CApitol 6-2161 


or 701 North Sangamon Street, Chicago 22, Ilinois 
34 Years of Service to the 
Heat Treating and Metal Finishing Industry 
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Truly Universal 
VERSE or SHEAR testing with equal 
- x torized, will test type mote- 
BATHS | rial in flats, rounds or special 
‘| shapes. Seven capacities from 
0-250 Ibs. up to 0-10,000 Ibs. 
grips, maximum ball bear- 
CARBURIZING ANNEALING 
q 
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WHICH OF THESE NEW BOOKS SHOULD 
YOU HAVE FOR REFERENCE AND STUDY? 


C7 
THE METAL THORIUM 


A unified collection of new data 


The Metal Thorium is an information-packed aspects of thorium... . truly a comprehensive study 
volume for designers, metallurgists, researchers, Today, the importance of thorium lies not only 
students and workers in the dynamic field of nu- in its impending exploitation as a source of energy, 
clear engineering and science. Under the precise but also in the inevitable numerous and varied, new 
supervision of Dr. Harley A. Wilhelm, Associate and broader industrial applications certain to be 
Director, Ames Laboratory (former ASM Trustee), created. Learn all that is new about this essential 
and through close cooperation with the Atomic metal, Order your copy, for reference and study, 
Energy Commission, this is a unified collection of today. $10.00—397 pages—6x9—red cloth—185 
detailed information on both the fundamental illustrations. 
scientific and the technological and engineering 


SHORT-TIME, HIGH-TEMPERATURE TESTING 
A dramatic unveiling of new equipment and current developments 


The use of structural materials in high-speed be analyzed; all techniques can be compazed 
aircraft and missiles has created a new field of This is a valuable book for test laboratory. 
testing . . . new techniques and methods that more structural and metallurgical engineers, and de- 
accurately determine design requirements. This signers and thermodynamicists. It is the only book 
book reveals data on the most recent of these tech- available on this new realm of testing and offers the 
niques and methods . . . offering previously un- combined knowledge of eleven authors . . . each 
measurable properties of common structural metals. an authority in his field. Don’t delay, order your 
Techniques and results are reported as integrated copy now. $6.00—137 pages—6x9—tred cloth—illus- 
accounts . . . allowing systematic and logical trated. 
arrangement of information. Each technique can 


POWDER METALLURGY IN NUCLEAR ENGINEERING 
An invaluable reference to today’s powder metal advances 


Almost without exception, the work described in Fifteen outstanding chapters include such vital 
Powder Metallurgy in Nuclear Engineering was topics as New Methods of Powder Metallurgy, 
sponsored by the Atomic Energy Commission. General Metallurgical Problems in the Design of 
Excellently organized by Henry H. Hausner, Con- Nuclear Reactors, Alloying by Powder Metallurgy, 
sultant to Sylvania-Corning Nuclear Corp., this and Safe Handling of Pyrophoric and Radioactive 
volume is an invaluable reference for those who Metal Powders. For all that is known and for all 
are acquainted with today’s powder metal advances, that is new in powder metallurgy for nuclear engi- 
ind also for those who are now becoming involved neering, send for your copy today. $8.50—275 pages 
with the tremendous potential of this essential —6x9—red cloth—illustrated. 
aspect of metals technology. 


METALS FOR SUPERSONIC AIRCRAFT AND MISSILES 
Dealing with the thermal thicket concisely and comprehensively 


This important new book is the most complete known or of only theoretical interest. lt emphasizes 
collection of scientific and engineering information that rapid advances in development of vehicles and 
on what happens to metals in air vehicles and missiles have made it urgently necessary to learn to 
missiles during high-speed flight. In twelve chapters cope with these environments 
and five appendices, twenty-two authors deal with This complete documentation of the problems 
the metals problems that will determine the rate facing metallurgy and design, fabrication and test- 
at which these new vehicles and missiles can be ing, this study of progress to date, should be in 
developed. Dealing primarily with the thermal your library for reference and study. $7.50—432 
barrier, the thermal thicket, this book emphasizes pages—6x9—red_ cloth—illustrated. 
the need for study of environments formerly un- 


ORDER NOW — POSTAGE PAID 


| ASM Technical and Engineering 

l Book Information Service NAME.. 
7301 Euclid Avenue, Cleveland 3, Ohio 

| TITLE 

| Please send copy(s) of: 

| The Metal Thorium @ $10.00 ea. COMPANY 

| Short-Time, High-Temperature Testing @ $6.00 ea. ( 

| Powder Metallurgy in Nuclear Engineering @ $8.50 ea. () STREET 

| Metals for Supersonic Aircraft and Missiles @ $7.50 ea. 


Bill me: Bill my company: CITY... ZONE... STATE 
Or enclosed find $ Check here for free ASM book catalog. ( } 
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“ELECTROMET columbium alloys suit our needs best’’ 


Columbium can be efficiently added to carbon and alloy steels 
and high-temperature alloys with ELECTROMET ferrocolumbium 
or ferrotantalum-columbium. Electric furnace and 


Welding Cb-stabilized 
open-hearth operators can use these alloys to produce: a 


stainless. 
e Carbon and low-alloy steels, where columbium promotes For information on 
a fine-grain structure for improved strength and weldability. columbium uses, 
contact ELECTROMET, 
e Iron-, nickel-, and cobalt-base high-temperature alloys, where pioneer in columbium 
columbium improves strength at elevated temperatures. development. 
e Stabilized austenitic stainless steels, where columbium 
inhibits intergranular corrosion. 
e Non-air-hardening plain-chromium steels, where columbium 
minimizes air-hardening and acts as a grain refiner. 
Ask your ELECTROMET representative for further details. 


ELECTRO METALLURGICAL COMPANY, Division of Union Carbide 
Corporation, 30 East 42nd Street, New York 17, N.Y. 


FERRO-ALLOYS AND METALS 


Vz 
i 
\ 
ie 
met 
UNION 
‘i BIDE 
; The terms “Electromet” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. q 


